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PREFACE 

Ix Ihtroiiuotion to tbe origizuil (kTtuiiei uclitioJE the autlint^ 

wrote: 

I'he ]mqjOfie of tlie present hjok is two-fold ; to rtroii^jo interest in tlie 
history of diemistry, find to give ft hrief geneml survey of tlie Hiiljjeet- The 
mniiurs have made use to n great extent of the vivid iinil moving liuiguftgc nf 
]>ictures. This plan has been eJirriwl !«.i far that an iiiteiestizig exc;tiz^iuri into 
the ehemicftL iwsi van be made through tlie medium of the iilustridimiH 
and their texts alone. 'J"his ompiiusis on UioHtratiuns lias iK.'eii intentionaLIy 
exaggenUc'fl, since it is a reiiiArkaltle fact that no other illustrated JiLstoiy' 
of chemistry exists in the l ierman huiguager The cdas^icaJ uc^rks <jf 4 iiiielizi 
an<I Kupp and the chemieal hist^jrieti of E, von Meyer inaile no at tern jd to 
enliven llieir texts by (Mjntenj|M>niry^ iljustnilimis, 

Tlie enmiuoijs power of pictures, which cannot Ik' expressed in words, 
siicmld facilitate tins intrcKluetioii to the liLstory of clieniistry. It is hofnal tliat 
hoth resoarcdi \vorbei>i and teachers wdll make use <if tills hiiok as a readily 
accessible store house of pictures.*^ 

Tlie publishers, on the introductiojiof tliis work to thejr notice, apprcciaterl 
that the remarkable collection of pictures provided in the tier man edition 
slionid iie niade available for English-sjieaking students and otiiers. Thrmigh- 
oiit the}^ have cndeavoure<l to ])fet?erve the spirit of the original wurk^ while 
niodemismg the text and seen ring expert ad vice on many controversial ^siiints 
rftiscKl therein. It has. tinfortiiriately., jiroved impossible to neniove from the 
derrnaii Idocks fcrtain inscriptions ui that tongue, but in every case the 
information provided tlierein Juis hi^en translated and placed in its pro|K?r 
setting, Tiiey wash tcj tender their thunks to all who have contrilniteii to the 
task of pre|iarjng this translation and enahljng the Engli>ili-s|jeaking jjeciptew 
to enjoy this remarkable pnaluctioin 
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PICTORIAL HISTORY OF CHEMISTRY 


THE ( HEMiSTRY OF THE ANClEXTH 

ALTiioruir it is nftcn stated timt it is hnpos^ibld! to tix the of 

ohcniistry, there is one great (Ibcovery whieh is iiini'|iio in its effect upon tlie 
liiijiiaii race ami may ahiiost i>e destTiijed jl^ the sinuiltaneuus begitiiiiiig of 
elieiiibitry and ofeivilisatioiu Tiiis is the khidJln^ o/ fir^. ivliieli ib chanieteristie 
of all types of primeval man ■ Xeaiuierthal aiaJi and the early 

Homo mpiem i>r Rmt AlViea, 

Any single mnn may favve been the first to make fire artificially^ or poB^ihly 
tw o were needed^ one to rnh or spin a stick of hard wotjJ on a piece of soft, 
wood, and one to hold a stiitalile tinder, 'flie man who stniek sparks from two 
hard stones and thus ignited some inHainmable material was a third and later 
jdoiieert sinee all primitive jjeoples obtained fire first l>y frictic^n anfl not by 
striking Sparks. The fii'st monnment of chemical liistory shoidd lie ereeted to 
Prorn^^iliem^ the fire-maker. 

It must not be foiigotteii lliat thu^i same l^rooietheiJS was aisfj the iJiseoverer 
of the rtH of cookittij: an important bmiich of ehemiMtryt fiiiice the eofsk brings 
alKHit ehemieal ehaiigew in rial urally oeeurring materials. Since the time of 
Prumetheus inankijKl has iRsen able to enjoys tlie savotiry atui appetbiiig 
decornpusition [tnxliicta of proteins and carlKihydrati^. broken dtnvi^ by the 
aetioii of heat and ens^ymes, Tlie seientifie e.^p la nation of theses [irocesses lias 
progresswl very sloniy anti they are still only jMrtly imdemtood, Hoviever^ 
tliey do represent the oldest ehemieal tiperetion. and we shall not liesitate to 
award the seeuiid monument ^if [primeval ehemistry to the dbeoverer of ikikin^ 
and rcHisivig, 

The third pioneer of primeval chemistry lived in the stone age i he found 
liciw to bake clay' aiul thus tliscoveretl the art of potle^y^ (I’he makiiig of the 
earlier vessels wlikli hud not l>eeii treated by fire did not involve ehemieal 
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proeesflcs.} It vviiii at this stage* that ItoiHntj was tiitrodiirtcil into cookcrVi 
lint} ohemicnl th&ngfrs lOiihl he brought uliout bj- heating li<|uids. Froitesses 
ol (irsioii ftlitn tieetuiic jjossihle. At Krst these were rL'tslrieteii to melting out 
fats, but tliL* inamilReture uf Vf^scls was the first steji towartbe rational liietiil 
work. 

hut ninterhils were available to primeval nmn for cheinicaJ purposes i 
He eoulii in fact use ajiy imtiuwllt’ otcurring objct-l, either living or deiid. 
Apart from any other fcourL'es, this includes all stones mid iiiinerulH. Many 
tilings were used in a iioii-chemltul manner, e.g. for tools, building, oniainents. 
painting. Hut his atKpnuntaiico with the materials iise<l and iife ability to 
ciistiiigiiish them by their einiracteristic properties rank its seientiiic kiioivletlge. 

The smile is true of the early use of the great variety of proilucts oiTcml 
liy the vegetable and nnirntd kltigdoms. Here ue niiist include not tinJv fooit- 
stnffs (whieli have changed very little from that day to this), hut also eomii- 
muJits. spires and niediefiiiienta which cnteml into conking in an iniiiieiLse 
variety : rcHits, herbs, leaves, flowers, peels, woixls, fruits, seeds and aiiiinal 
prnrlucta, followed by resins, saps am) Hoiin;. M’e can perhajis classify ns 
chetnical the artiiicial tapping of resina. rubber aiul Ka|*s friiTO trees aiul shrubs, 
aiul a tirst step tc>wards ehciiiical operations may bo seen in the extraction ol' 
piniil jnk't’s and oils by pressing and in tlio grinding of seeds lietween two stones 
or (also in the stone age) in a kmd of mill, or eriiHhing them in a jjcsLie and 
mortal-. Of a truly chemical nature arc the extraction of animal and vegetable 
materials by lioiiing. and tJje prc[>anitioji of sou|>s. mashes, glue and |jaste, 
in which clicniical changes were brouglLt about iiy Ijoiling, Primitive man 
was familiar witli the extraction of fats and amniaj oils, and he knew how to 
obtaui dissnivetl siibstaiiLea hy evaporating down solutions, sint^* salt was 
know'll even in llie stone age. 

Fermentation took place spontaneously in fruit juices extractetl liy 
pressing, giving alctiladic drinks {fniit-w ines), in the ea.se of the eomplitateil 
jirore^ea involved in brewing beer, nature again csmie to the Jtasi^aiice of 
chemical dbeoverj'. drain winch htul germinated tiirough laid storage was 
not thrown away, hut was used to obtain sugar solutiom- whieli became 
ak-oholle h_\' spontaiieoua fermentatkm. 

It ia iiiijKafsiblc to fix any limit in time for the tirat discovery of these 
prec'^CR or to the first production of acetic aciil und laclie aeifl, and the same 
applies to the first use of animul and vegetable e<i1oiiring mutters twhich were 
used to dye textiles in the stone age), or the (in»l use of fnigrunt plant materials 
for {x^rfimie.s or ineenee. 

It should lie aildefi that tlie iw «/ metah is much older than might la* 
tiionght from the terms bronze age and iron age. These jierioda were charac- 
teriscfl by llie tjfmml use of tliese metals. In earJicr times nietals were found 
piiore ahimdantly than now ) native on the surface, eejjecially gold (and occa- 
sioiialiy iiktinnni). Ciold attracted men by its iieanty, and because it was 
malleable. ]t could also he meltcfi in a cnifildo, and a crucible is no more 
than a apecialiy refractory cooking pot. Wivei and eopiJer also oceasionallv 
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uccMit native and have been s]ju\^ ti to Imve l>eeii used (e.g* in AmeiicfO. L■^« 
has also l^een nnnle iVoni the earliest times of meteoric imu, vihicli softena 
in the tire and cmi be worketl hy amitha. 

facta *lo not detract in the Ica^^t from tiie importance of the gicpitcat 
metallurgical ilbeoveiy, that of how to fjrfmrt mefaU from iheir rtres. The 
hrst men to extract cop|3er and iron in tins way rank with the most im|Wjrlant 
clicmical discijvcrers, and may share tbemoFEt eminent iiioiiuinent^ of primitive 
clienibtry with l^nimethens, tlie first eo<sk and the Hrst jiottcr. 

The MwvAJJi 

Tlnj^dbeovery may have l>een made indc|icntlently in a numl>CF of places, in 
fact ally^vhene where oi-ei!! ii^ed m hcftrlli atones eaine intti contact w ith carlioii. 

The tftate^E of eivilisalion <loserilied ns the eopper the and 

the iron agr. must not always be ooiisuleiiefl tm lollowing one another in tluit 
order. Even in tlic jjresent age therc^ an? |3riiiiitlve ]ienpleM w’lio know' the 
t^melting of iron, but tiot thiii of eopiicr. It is not always that coppt-r Ik more 
rt*adily extractetl from its tjrcs than iron, in fact the reverse is often the rase. 
Iron piTjliEility nut priKetl by some mces wlm bar I not discovered steeL 
It should also he nf^ted that irtin corrtKles if hurled in the earth for thoiii^anrls 
<if years, so that we must not expcc-t to find iron objcctji in very old excavation.K. 

In any case, w rought iron was known in Egypt at the time of the ('lieops 
jiyminiri (^7<MJ nx\). If tiie dwcoi-erif of inm wins made inde])ondeiitly in 
Egyi*t, it may liavc hapix^ned when gold tvas lieing Hmelted fiTini the Xttbiaii 
magnetite sand ol' the Xile with the afJdition of substanc-es cynlaining wtrlnin. 
It was certainly also known in East .iHLa, pn>bab!y at a still earlier iljite* The 
Hittjtea (the present-day Armenians) inul obtained by adfling carlMMi 
wrought iron (probably about 14<K> HX\i : t hus Kameses 11 used Hteet wca[>tsns. 
Cnfurtimatcdy the idenlity of the great henefin tor of liinnaniiy who (ILHiovered 
steel is lost in tlie darkne^is of history. The same lk the ciuse for the dbeoverers 
of the other metals. The ahility to smeh cfjp(ier fmiu its ores must lie dated 
back to 5UU0 ii.c\, while the corre^^ponding dales for other metals are, silver 
at least ^imhi b.c. (Egy]ii+ .Egea), lead 4<aK> n.c,, tin 3non n,c,^ antimony about 
2oO(> n.C.j mercury I5bh-H>u<fc nxv Arsienie was ti\su kimwu from very early 
times* The use of alloys is almost as old as tiiat of pure metals. {'up|jerdead 
alloys eanie tiisit, then bn:>n 2 :c (copper-tin alloys of variuufi eompositions)^ 
and tlieii brass and siniilur alloys miiiJe liy adding otlier nietnL^^ especially 
^-Jne, pure zinc was not known. Ciuld-siiver atid LO|>jj£*r-arHeiuo alhiy^ w^re 
uIho know tn as well as amalgams of mercury with goUl. silver^ tin and lead. 
Soldering and tin-plating w'ere ah*u kiifiwm. 

If we consider how* Avidely ancient armies (partieuiarly tho«e of tise Romans) 
weie proAidod with offcnsiA^e and defensive w'eapojis t^firoti and other metals, 
it is clear that there must have been a H on risking metal-industry itt work. 

* In rarly JJlibylon wiii n c’oppi^r ju well H!» a i^lciii£> aj^. eopjHT 

vftlh iifc onltr to nmko it fuaibO. 
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About n.c. the Jherian miners l>egan to exti-aut uopj^er and tin in Britain, 
AlnicMit all the i>w deposit# in the Rhineland were vrorketl liy the Roman#, 
The rnagnitnde nf aoine of these undertakings cannot be doubted r thua there 
were 40.00tj niLiiets!. and fdiindera iti Xew C'arthagc during the Roman Einpii'e, 
Further^ copi>er alloy a were used for %'esaels and tecliiimal articles to a far 
greater extent than to-daVj wliich jjre#up|ioses an aetive hidaatry for exLraetjiig 
copper and tin, Ijirge numbers of silver and gold coins were in circniaticjii. 
and tlie same metab were usetl in consideratitc quantities for oriiaineiitial 
purposes. I'lie priKluction of the nohle inetab niiist therefore also have been 
at a high level, 1 

It was the widespread use of gold an<l silver which inaule necessary 

greater ii}whfHcfjt kno^rtedge in this 
cJirectioiL 

As regard# nietalhirgical 
processes, the ancients xvpre 
acquainted w'jth assaying by the 
cujiellatiun of guhl and silver with 
lead. 

They weie: abo of c uur.^re able 
to ae|j4ifate gold and silver. As 
they Lad neither nitric nor 
#iill>lniric acids, thb separation 
wa# carrictl out Ijy a so-called 
ecnieiitation process, i.e. igniting 
w ith eonunoii salt atwl vhi\% giving 
silver chloride, or with sulplnir, 
giving silver aulplnde. The gold- 
fiinitha' touchatiuie wa#i in eonmuin 
use. 

A mural ])ainting in Pym|jeii 
.shows a goldamitli^s workshop, including a snieUing-fumacc with belloivs 
w hich may liave heen used for gold testings alul which resemhies furnaces used 
for thi# puri»osc right up to the l^cginnuig of the nineteenth century. 

Trade in gold and silver made th$ u#e of ^utltmce^ nece#.saryt #iiicc this is 
the only method for esliniating the value of the noble metals. We know of 
a number of halantijs with either one or two [lans from Egyptian or classical 
aiitiquityp of which the oldest date from sev^eral thousjuid rears ii.l\ {from 
h 11 rial place# and many pictint^ in Eg ypt).s 

^ 'rilf imci of Kiiip JJhuii-a in tX^Khi pnwtitB Linoj^pluincil tbt'TIllTrtl {j^ic'iioiiu'-aa. 

In tJie arst no ^team f*uji W iltitcftoU. and in tb(? ^rirnnil J^rn^'w It anwarb to 4!ciiiAifit of 

* Lihi tmilv of k^n^aji iuui volume, llip ay&trm c^f w^-i|j;hr«i ha of BfiLylaniun orJfriii. 

;i00(5 B.c. Kirijf itxmi ttH> v^lu^ of ihtJ nium TIiim h&n nTmihiiHl ilu- »4irK- 

tnnS4^li niftliy (Povbimuo minn, Italian mina. Yhiivh und pomid, jsy-li 

Til® mi I? V Ionian Bilviir minii wiia 545 B gnuEi^, whioli DnriiLS eo m) ^OUni^. Tho Atl i® 

niLiia Qiiid ihB RonLaij mioft bsj^l mi tJn? IbibyioEkiiin eiiIuh. Wing t niifl jf of it rT»flpoi'-tiv¥!H% 
'ihe Homiin Eirfita of voIlhh® for KoVura^ C^ntNrif'B. b^tNiit 3 litn^ab 

(nboot J Eiti^O- httnirw l| litn*). ^irieJIvr W4‘nr r^frfhuB, HrfUibuhim, cisir/ifiMir, 



m. VTK 2 

.ftncrpiir fHiffjwrr tr/rA fr«j |>'ipra, ur iJ\c. 
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A kiu>u t>f tlu* jjresii[jfirji!ie>i jiii acriiiaintaiice with their ores, 

Tlie intfeit importnnt one^^ kuo\ni ftml used tvere Lmii ores s?uuh ms niiigiietitc, 
ha^umlitOj brown iroji iron pyrites ; eopj^er pyrites hikI other ciO|>per 
ones such as rarbonates (malachite^ ehaicHicrite) ; galena, tinstone, ehniabar. 
caianiiiie, Kine-blendc, iHTolusite, realgar, urpinieiU. stihiiite, niLspitskd imd 
uiany otJiers. 

Metiitlnrgieal processes led iialiu-alLy to a rtf metutlic 

such iron oxide (yellow, red aii<l black}, cupric tLvjde. ciiprcnis oxicie, zltio 
oxide ill different furni.s (Hue dust, tutty), litharge, red lead, antimony oxide, 
wliite arsenic. \^'ork v.'itli tiie orci^ and nietuls must liave lerl tcp the ul>serva“ 
tiuii of irorir copi>rr, silver and lead slags, of lead tnatt and lend sulphide, 
cuprous and cupric sulpliides, iijitinioriy sul[jhitle. Iron atid copper htiiniiieF 
scale. 

The folluw-jiig other compounds of tlio itielals are of importance and 
interest : copt^er aiul lixai sulphates (blue aiifl green vitriol), w bite lead and 
lend sulphate, verdigris, verditer aiul cojux^r silicate. 


(JTHER IsOROaMC CltK^NUCNU. PiuaEssiis 

The tir&l lime burner and the first niflii to produce inurtar were dealing 
with cheinicnl facts of the greatest iiiiportance. although it is po£=sible that the 
burning of lime is t>ne of tlnxsc which gnLcinally obtruded itself upcai human 
kuosvledge. Thf hiir>}{tfif nmt of Imtf take place wdierever liniestone 

is iiiKxl as a hearthstone aufi then comes into cicmtact with water. They have 
certainly lieen known for five thousand years. The use of lime for rnakiiig 
ccnieiilst is ali^t^ very i>ld ; it wiu* used mixed w ith v<jlcaiiic rock at [hiteuli 
aiui Baiae. at ^SantoriiK and altso at AiHleniuclu Ciy|fc;um. [ilaster of Fariy 
and their applicatioiL^ were nha known to the ancients, as welt as elays r^f 
all kinds (white, grey, yellow and i-ed); other useftil inineinb? such as talc, 
emery, asbestos, graplsitc. magnesite ; stiltii aiicli as common salt (rfick-snlt 
and sca-sidt). scsla (partly natural and partly from the asbes of ^;eaweixlh 
|Kjtjis|i (lye from ashes, sometimes " sluirtK'neil by iLddcHl lijiiCp and igidted 
tartarh aihmi (sunictiiiies! igiilteil)t Etxsom sjilt, ijitmx (neceySfiry fur tnakltig 
irrm ware), and prubahty calcium iiitnite, wliich b former! spini- 

taneiaisly all over the wiirld in suitable k>calitiesH though it may not have 
been nhsrrverl. Ammonia and sulphur dioxide have been know n for a very 
long rime, aiul carbon dio^fide b luenti^>ned by Fliny, Of the inorganic clenient'3 
the ancients viere acquainted with suliihur (cryslalliue and (lowers of sulphur} 
and carbon ; soot, woiji\ charcixiL grapliito and dlamoials. though the two 
last were iicjt rectsgfiised as forms t>f earfioii. It may of course be ohjecteJ 
that many of these etibstatices w'Cre not known in a jjure state, but the aame is 
true of out in<histrial ehemleal protlucls to-day, 

Tfte jxfkltr of /frf imuitr of fftdirfmfy conffisted [Xirtly of imturfif minefid 
jAtjtnenfSr smdi as white eday, chalk anil other forms of cakluiii carbonate, 
yellmv ochre (which M'as alto tiserl igiiitefl), hematite and red fxrhre, pyrolusite. 
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Upw la^uJi, fijumlijir, i‘ealgar+ urpimeiH. It 
diet, tiou'ever. iucliid^ » iiuiiiIht ejT artiticLal |>igineiits: |a>wdereei ^^rra 

iron sj.vjdK^ (yellniv, rtrd^ vifdeL+ eapni morhiHin]. white Jeaih r^d It^ail, 
ciiiiirtbar, verdigriti. arriiii:i.iil ceiiiper t-arlninatL^ artificial BEibylotdnti h\ph 
laizuli (Fg>'x^tiftn-blner a leaf! gliiss coloured by copper oside and soiuetiiue.^ 
cobalt oxicle. the latter being unwittingly iiitrcHluced by using iiiaterinU 
croritainiiig cobalt hiiupblaick. tHine-hlack^ vine^hlack. at^d Hiially gold and 
silver AS tilings or Jeah Although the (jiginenis of aiititpilty are known, the 
same not true of tlie mclLtods of paLiitiiig usetL In spile of much lalxjur, 
tlio techiiicjuc of the womierful fresco painting and wax [minting of the amt ienis 
still remains im|ierfeet|\" understfjod, 

Titi! jHiiitrif u/ the attcii'niii is als<j vcorthy of a Lie lit ion. Hnch pEjltery Ls 
iisuatly valued for the inrom{mrahlc heauty of its desigti. but ]inrely from a 
chezuicid [Hjint of view the potter uf antiijuity luts never since l>een etitiiilbd. 
Work like the black and red Hgnre<l Attic vases. conUl not l>e imitatetj lo-rlay 
citljcr ill material or iti d^^igiu I’he nature of the Roman term ttitjnhfa \iarc 
(which was also maile in ileniiany in the Palatinate) is gradually being cloared 
tip, but it is not yet ]54>33ib1e to cejuat it, Tbe same is true for the black tcmi 
sigilliikt {Unc!clicn:>). A kin<| of stone ware was also known in Egyjjt. 

Tht' maiuijhf^turc uf gitiss hi ancient times is wortliy of s[>ecial attentJoiL 
TJieiv a logcnil ahoiit rlie glaring of liine?ti>iie standing in desert satitLs 
containing KiKhi. thoiigb that is of course a later story, 

Jf Ls cerlainly a fact tluit yltnitaj wan dist'ovcrt^l iin+t. In ancient Egypt 
there were glazed cirty brickie and scarabs alujut -t<H>n u.c. 

The oldest kn^iwn glass vessel comes from Thebes jtncl ilates from about 
Sraiil iLC. Bj' 3unil ux\ if a ns posE^iblc to make l>lue and grtfcn glazes containing 
cfipjicr, as well as bJnek bends, Aliont n.c. there w«is ix>lourless glas.s, 
giwn glass coloiireil with iron, and blue ccdoui'ed witli copper carbonate 
or silientc. 

By ^ono n.c, the Eal.>y Ionia ns certahily knew a variety of cohnirefl glnzesT 
e.g, ligid and dark blue, yellow and white, |ire]iJircd by using eopiajr, antiiiiony 
and lead. By laUn b.c. tJiere were in Baliyinn (Tell-cl-Aniania) a variety of 
stiiall glass flasks, jugs, vases lUici iiips (scmietimes dark bhie^ wldeh conld be 
used its a pattern J; ghiss imitjitions of eoriielian. jas[>er, ubsiilian and hqiis 
hiziili; yellow jiiieI red glass lieaiLs^ dark red eiqiSr and oparjiic white lines on 
ghiss made with zinc oxide. Itxjii ochre was used for cohering glass yellow, 
and additions of manganese anrl cobalt Im^ e lieen detected in blue and pur[>b 
glass. 

witli a tube is probably a Babylonian invention of later 
date. Coloured glass was wklely used for hnilating precious stones. 

Jf we wis^bed to erect a nioiuiineiit to the unknown dijcorfr^r# nj gla^ it 
wouhi probably be to an Egyjstian and a Baby Ion inn jointly. 

The Egj'plians glass from strfla, w uod asli t[h>taslt), marble or 

jnnsseJ shells, Jind cpiartz sajul. U^ad glass was also well known. Egy|jtiain 
glass wai^ coloured black with magnetite, yellow* with iron, blue ai ith copper 
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(or sometimes^ eoPjfilt), rorl w ith nipmua oxifb, purplL" and brown with p>Tf)- 
luHite and w hlte (Jike enamel) with tin and lead, (ft is soinetitn&Ji huJom?ctJy 
stfltwl tJiat till gkzi^s w'ere not until tlie ^lid[l]i* Ag(is,) Kiiliy glass 

c'olonreil hy gold w^as also knov^t n to the aneiont^. 

uriginjillv sha|jed rnimfj u elay centre wdiich eoiiJfi lie I'cmovetl 
afterw jirtls. vvhile later the glass w as j^resaaeti on ilat or uojiciivc moulds having 
raisinl or sunk relief This devehi]M>fl Ifiter into the [inieess of castiiig. 

In Himian tiinen the inanufacton:? i>t’ glass was a fiourishing coiii^m. 
Hi owing with a tidie and into niouhis was prai^tised. fdass fuitiaces were 
known to the Rninans (also In Roman tJermaiiy, e,g. at TrierK enieible furnaces 
and glass-makers' pots lieing mml. 

The range of teehnji|Lie was very w ide. TIuis there were glasses wdth 
thread decorations, with ap]died network, Hnted glass* artificiAl iridcacent 
glass. niouklefJ <lbdies. striated glajss^ glasses made by jiressing a solid centre 
into a mould. All kinds of grirnling and engnivhig on glass were known. Hlass 
mirrors coated with nvetnl (sometimes fle|xisLtetl silver and goki) were used, 
glass wdndcjw^ paiiea (I'rier), anti heautifiil imitutifjiiK of pret ioiuiHtoncH. Elaulied 
glass was also known, and surface decoration by grliuliitg. Even painting gloss 
with colours to iie burnt w^as not unknown to the Romans. Hiamoiids were 
Used for cutting gliii>s. 

The v.enith of Rinnan ghiHf+ making ia represented by the ho- called rnyrrliine 
mosnic gku^. Their/i^r 4 Hir/riC hm teen Imf, and in spite much labour lui-^ 
never l>ecn mlbiicovcrcil. High prices are |‘Kaid for the lew suniving pieet^ of 
thiH glass-work, or even for frtigments* 

Tiiese factii have Ijeeii ik^cribed in sEJiiiewhat iiKJre r let ail in order to show 
the reader that in many Helds the elieniical teeliiiii:iue of the ancients had 
readied an extraonJinarily high level. In the Helils of pottpiy gkiss making 
it is [airticiilarly dangerous to {lespise the adiievements of antiquity or to 
take prkle in our present attainments. This fact ina}" l>e readily seen hy a 
walk thmugli some nf the museums of the wnrkl (e,g, for Roman glass the 
WjilnifRichurty, Museum in Cologne)* 

Or!t!*\Nic Si 

The iiiiinber of organic snhstfinccs knt^w n in the Lnident.s wjls very great, 
incliifling of course particnlarly those substances Avhidi occur naliirally or 
may beeaailt' prepared from mat nrally uccniTiiig material.^. may mention : 
petrt>leuni, mineral wax, asphalt, natural gas, anilier, resiiiH fmni all eoinfers 
(pine, Hr, larch, t'edar, juiiip*erb c^>lophony* piti^h, tarmiLs (e,g. frnm pine, 
cedar and hirch tar}, turfjeiitine (from terebinth), numcroiLs f}e(fpi(tMe 
e.g. from olive, almond, hitter almoncf sesaine, castor-oil, walnut, [mhn, 
hemp, I>011 nuts, rape, turnip secds+ iiax : animal tats, such as tallow and 
soft fats from many kiniLs of animals, w ild a ml dcjniestie, Hsh-oii, liver-oil, 
w’<Kil-giease (lamdine ); soap, soapj-solution and le^id soap ; ^ wax, crude and 
* Ttk' ri^ainun’rapt of Ualrri De *implirihu* (^niJ r-t^ntury a.U.J aLhIisi 

thrtt KtMkp can hf} ffiam ur comi^l-tiiiaiw, iniil litin-. 
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blG4ic-li{M] : titADiJi from various kindg of grain. e^ipecialJi,’ ^vheat ; sugar ssLtb- 
St i til to : honejT iimniia, juieo from liquorice, carrots. Occam jwine, palms. 
C’ontrary to Lippmanri wc boliovc tliat the Oreeks had at least Iteard of 
canC'Siigari, an,d we believe that his iirgiinicirts iigaizist this sap[xnsition arc not 
tenable. Besicics tlie juice ui' siigar-caiic^ caiie-sugiir itself must have been 
known tat least in the countries of its origin). The process of uhtaiiuiig sugar 
from the siigar-eane is so siiiqde (pressing and evaporating dow ti the juice) 
that it cannot fail to liave l>een dist'i^vered wherever sugar-cane was available. 
The que^tiim as to whether or not DionkuriEles had actually swii sueti sugar is 
of mlnur importantc. 

\^irieties of gnms. such as acacia (gtim^arahie), eiierry-tree, tragaeantli* 
Vegetable mucilage (from orchids), and bir^iMiiue from mistletoiv \'iiicgar 
from Hine aiul heeri tartaric aeid solution from uniipe gn^iies. as well as tartar 
and juices eOEifaiiiing malic, citric am I oxalie acids. 

Tanning substaiK^s. sneh as cxtrfieta of gall-iiut!ii. cwk-liin k, pomegmrsate- 
bark, suinacli. ete. 

Resins for medieiniik use, partly aLstj aa fumigatories. e.g. alues, gum- 
nnimonliie, asafcetichi. bdclliiiiii> dragon's bloorl reftiii used its a pigment), 
euphnrbiumt galbaiiiiin. Jabdanunq gum niaallc, myrrh. o[Hi|HinaN, seainmunyp 
guni-elenii, slyrax, frankinrense. Pninkincense, myrrh. styi-ax nwl mastie 
were especially iisc^l m fmnigatories, as well as henzoiii in South Asia, 

The true habiinis (from the halsuniodeiiflrcm ?J, w hich are not known 
to-djiyt were very (mostly even in ancient times. 

From a chemical {nhnt of view esijecial imptirtanee atlnches to tlie cotoitring 
maHern Eif antiijuitv, |airti(fu|ar|y thutsc use<l lor thjf lnfj. We may' mention 
purple froni the molhiscs pfir^^ttra and iwarcx, imuidern kermes* arehih alkanet. 
dragons' blotxl, |>oiiiegraiiftte-lloweii^p Indigo^ woad, sepia. nut- 

shelliij, tuyrohalan, acaeia, hrooin^ saffron. .^alHower* wehi. ifjtut 

d_ver's inicktliEtm (Avigmm hemes). sa|i green, gall-nuts. Alum, urine, 
vinegar, ct^pjKT sulijhatc and other sul»stafices were used as mordants. 

The numl wulely used writing inateriab w ere tndia uiitl ordimtn/ iron - 
fwtj. As to-day, India ink was inmle by mixing snot Avith gum or glue. It 
was kept os dry slabs and made np Avilh water. The best varieties were nmde 
from vine-black, veoi^t-black or ivory-blaek ; ehcajjer varieties iVom lamp¬ 
black, resin-ldaek and pitch-black, ivliile the worst was imide froin onlinarv 
soot. Chinese ink was alsEj used, comifig inlo the market as AfrtDmfffHm 
indictmt. VilriiAdiis deserd^es the jua nil fact itre oflamiddmrk. 

The gall-nut inks were pix'partsl frnm extra cl of gall-nulH by adding gum 
ami femnia suiphaie, jusl as to’day* Pliny El&Hcrilies a gall-nnl test paj^cr (of 
liaj^ynw) (nr cletectli^g the presence of ferri:iii.s sulphate (c.g. hi A^ertligris), 

Other animal organic substances which were proljitbly knoAvn are egg- 
alburiien, casein, gall, glue and gelatine (from bones and fishes), uric acid (from 
sna ke -excrement). 

Aa stated above, the most irnpojtaiit ptmhjaiuri/ was frankitic^ime. to 
which must lie addctl myrrh, mastic and styr.ix, and prohuhly in Stiuth Asia 
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also painlal-w(WLirl and bcii7,cHii, Of the fQmf?ounded tlie nitiat 

unpurtimt ivf^r© tbowe i>f the Eg^ptiatUi^ The fariiikiiH of all was K^phi. 
Acedrtling to the Osiria t^?xt froni Dernlera it contained twelve ingreElieiits^ 
while aecoixJiiig to IHiitaich there were sixteen, namedy honey, w'ine. raisins, 
cvperns,, resin, myrrh, aspalatIuiSn meldt^t, nisatic, bitinuen, saffron, sorreh 
}iinif»ei' (two sorts}^ canhinioni and calumus. It is po^ible. however, that 
some of the names have tjeen ineorreelly translated. 

The sidistcinces in Egypt for embalrnin^ corpses were of many kiiuls, 
in i^artkahir mastic, stymx, asphalt and resin from pine, juinper and t^etittr 
trt'es, 

Etiterf^! mh were ehiefiy ohtaitiefl by inaiL«r2iLio]i with cold or lake warm 
rdive oil (or other oil), also in some eases by pressing. (We shall diseiiss later 
Jkiw far tliey were obtaiiterl by disTillation.) In this way oils and. mixtures of 
oils were obtained from aniseed, cam way t womiwofMl, cloves, mustard, 
onion, chive, calamus, cheiT\'-hiureh pansley, peiuiyroyal, laveiifler, mint, 
marjoram, thyme, inyrtlct spikeiiarrl, narcissus, lily, rose, rue, Qre.^. radish, 
rostunury, sage, mustarLlj jaiii|>er, cedar, cypress arid cinnaraon, 

l)f the costly unimal jjerfum^s the l»osit know^ti was caistoreuin, also iiaed 
inHliciiudly, 

These ijerfiiinwl oils were chiefly used for making .Mjiny of 

these wem simple, hut a nmuljcr of them liac] very cum plicated 
Thus rtccoitling to Dioakuride^i, cpintnicnt of iStLsa eonaiated of olive tdl iliuI the 
extract of a thoujmud lilies, spiced with calamus, myrvh. cardamom, aafTrun iitid 
ciriimTnon, Act?orcling to the same autlior, narciBSiis-ointmeiit consisteil of fiiJ 
w’itli imrcissiia flowers and i^pieew such a^ cakiiius autl aspalathus, wdiile oil for 
spikenard taiilment contained Indian or bsyrkn spikenard (varieties of valerbu), 
malobatljrum oil, calihle mots, a mom urn, Ijeanl gniaa, niyrrli and real balsam. 

I Mil IV mentions sLtnUar mixturts, of udiicli the augmented .\lendeslan 
balsam/" the great balsatii and the royal balsam must have been very costly. 
'file hist eontaliietl twenty^nix ingtedients. 

Siil>i<taiice» tiHcd ok raamfiiics (in addition to the oiiiiineiits} were white 
leatL re<l lead and antimony sulphide (hlackj, while blue and green face- 
liigincntw were also used. There were abo liair-dyos to dye grey hair a dark 
coknir and ilark hair blonde oi golden. We may further mention subijtaiUTes 
for hlaekening the eyebrows, hairdotion* facedotion, touth-wash, reniedie^s 
for Lulours of the breatli and arm-pits, bleaeliing jigeiits for the Lom|dexion, 
depilatories and hair-restoratives. 


MKUicixts 

JUe metliciiieH of anticpdty arc worthy of particular attention. Most 
reniedies wet^' naturally of i^yjetabh' origiiu but there were a numiier of an 
fiabntd, lufwemf aiui rhrwirai nature. Of tiie latter we may note e.^jtctially 
alum, sulphur, copjier oxides copi>er sidphate and iron-rust. 

It is quite impossible to enumemte all the mjf:faUt altlifujgh 
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nil uf tliciia contain 6i>e(^ial cliemicnt 3ubstaiK?fca wiili cfii±mt;tcristic |usj|:terties. 
Thuw the Pfip^rfi^ A’Atrrs, i^ritleii Iwtween Him and [tUU nx\, mentions over 
^ n litmdml ;necliciim| planum. ArcMjrdiiig to a list lompik-tl Tscbircli. the 
medicine eu|j}iOHirii of tlae ancient Egyptians <t^rtainly contaiiiet! one liunclrecl 
and eigfity drugs. Amoiag these tliere were mmiy ^vortJay of note, sueli aa 
aloest cabmviSp hemp, henbane, niaiiflragoitv, iiiint^ wnriiuvowb myrrh, 
frankincenae^ st^TTax, ciustor-oil* jujube, inustard, lii|iiojJee, fenugreek 
ntilki a^juill, stryehiios, opium. 

Among the animal niecUeineii varums iininml fats^ |Kirtions of entrails and 
kinds of ItkaHl are of s]K^cial iiitei-eat. 

The knowledge of the Bfihifloninifjf was proljably quite ,’^iniilar. ^laiiy 
(rrttfk aulhon^E fruin Hfmier omi^ards jjrnvjde points of interest, Herodotus 
knew variuns iiiCfijeiiieK foreign ti><ireec'e teinnanvonp ni\Trlu IrankinceiLse. etc.b 
and a great deal of iriforniation is of ctairse to fjc fonntl in the writings of 
physieintiH, We shall not attempt to eutinierate the Imiidreds of drags 
mentioneti in the Corpus HipjJ^JtrrateH the (ireat (prn:»babiy 

4a!#-377 a.O.)and his sehoul knew and inenllonefJ numerous ajierients. emetics, 
garglesp (hnreties, sudoriiitsi, astringents^ sternutatories, eurrt^lvcSy cooling 
remedies, hair-restonitivcs: ako medicines for ivoriiis, ulecra, AVoniids, 
fJatiiieiK'e!. female db^ases, eye tmtiblea, ykin troubles, woinh troubies {prolialj1> 
indndiiig ergot); nietlieijica ecmtaLnitig tanning [iritieiplesT aiifl poisons. Among 
the pliuit piiimm of antiquity we tiuiy mention areunte, bJack aiifl while 
lielteixjrep lienbane. thorii-apple (^iramunium)^ lietiiEoek oleander, tneAcJow 
saiTrf>n, varieties of meKermim, mandragom. hclJadonna (deadly nightshade), 
srjuith dorcyniiim, stryehno^. opiuiii^ hemp. Among the aiiimat [HJisons were 
snake-Venom T toad-venom, eantliaricle:^. .Meclieines were used in the form of 
decoctions, infnsions (teas), extmets, clectuarieH, ointments, phistcrs and 
!sii]>[>Otii toiler?. 

Tkeophrasto& iiie jjupil of Aristotle (probably b.o.) 

tleserilkcs rihiif>st a Jinndrei.1 lueiiicinal phiiit^. among others riVrai# inedicUj 
varieties of peppier, mftle'fern. elerni, etc. However, by far the most im[Jortant 
somx'e for the dnign of antiquity is the gretit of Pednnios 

DuMkKrides, a.o. 77 or 78. Diuskurides can hardily have knoivn less than tive 
himdred remedies, ami he was justly the sourcre of pharmaceutical know'ledge 
for many eenturif^. All his successors right down to the sixteenth century 
are indebted to his knowledge. 

A contemporaTy work is the natural liisb^ry of CuIim Plhna^ Bficundm 
{a,i>» iU) in thirty-ae^ cn ^ciJuTues. ■which has pressrve^i for ns an iincuense 
amount of information niwut tike knowledge cif liLs time, Jjiehiding of eoucw a 
great deal w hieh is ol interest to the historian of eheiiJistrv' and piiiariuaev+ 
l^^^terity has every leasoii to }>c gratefu! to him. 

or coitsiderable interest for the history of medicine iii the Hr^l.known 
tmpeusatorium by the hatin author Scriboaiff^ Larfjuit^ a collet tiori of pre¬ 
scriptions entitled Com posit Soiies,^’ This work gives an excellent idea of the 
complex medicines, of antiquity . The author was a phvsieian who wrote 
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fLATb: 3 

4^f fr^tm f\^r ivtah <il ^4Ar«rEjf I73il> BX^* OrkginnU in t>Hj 

Eq^ypliun .^tu>Hiiiiii+ Lb^rlin. 

|{i>i.iT, PtiHiE] bn«iti of pott^^ry, ninull liidli* with h TtH^vahk’ fvhl in Hii* i'«-jiin% iniiTi.>r 

witii tlw? JK'tld df Hatlidr of |qx'^,s), u|Ja^lit Vinurl f*f jH*rpi!ntilKi. 
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f*LATE 4 

uywkji^i^p ffff pr^ptirMfi^ aintmvnut^ piinfini; in t-lu* CakHi din V'uttHp Fornp^iii.) 

I, J>||\-iiry af umtiiH^ntA. ^ 

■_*. Cli n t niptit i-upboiiKl. 

3. Trtblo wit h i^-«lda Am\ rtilL of preni^ript ion^. 

4 ^ ^[aztor with peiit Lcv. 

Tk Triixid cDMlilnm. 

II. Otl jm'sirt t till.' e3qin?4Hiccl Eit|uhL mhft into a. how'l. 

7 ^ Thf* viMtitnl pHlt^ of tJw ppesa woru rUil ilxvtl tO^Tothf'r by nijpniu of fi^mnwiip but by hltitoj^ with 

b^avy baliitiit?rs. 

fthout A.TJ. 47, He u^l in liiH preberiptiorw alstjut hnnilrod atitl 
vegtjtnble and twenty-niiie anitiiaJ ingredientii. Alany of llie complex remedied 
have been labt^rious to prepare. We hluiLl uiention a few of tlie 
mo6it Ittmous. 
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The panacm aj ccmtAinccI the fuLltiwing jngrtdientH : 

(probabh^ Ajwjn I'rw), coiiifrey. cliania^kia {Jksphne IwuidiHifif or aiiuther 
Ml»ecie3!i)t mumibiuni {M. Ps^f.iid<)dirffimntiH}^ |>ennyn3ytiil {Menthij Puteginm), 
lesser oentaary (Brythtf^a Ci^i^faurium], heleiutim arlfltolfx^hi&^ 

fmnkiiii^iise. nijnrht Aloes^ galliiiruiiii^ oli^ e oH, honey, pr{j|in1is, aiiuanthus^ 



FI- ATE 5 % 

Dijwtkuri^las u-itk At Uis fi^l u iloiu: lickuhbi^J up with {Mni, 

From tim CcrfU'^ fHWtatmktijiujwNtanu^i of JJiut^hnrklf*# (A.ll. now in Vii'inin, whwb 

ihj- ciUUfwt pii'Sq.re^* nf Jw?rl;»H rXtAiil^ 

turpentine, green vjtriot t}Uiimeti. Term nm/jtiitidi^, Bilvcr-slng. gull'iiutt^ and 
orris-root- 

A purticulurly fragrant medirtne the amiiraxiti ttf Zopyros {I 80 u.c.): 
the rout of Coatiu Amlticus, frnnkiiuonKe, pepjn^r, Fhrrj/ Jttnei {]ierliai}s 
Jiidrop<xjoit .Sc/ieenanUnut), Hiitiaiiinii, eJiBKia, saffron, inyrrli, liidbn spikenard * 
thene ingi-efiients were ruined Mntfi powdered wax iinrl wine. 
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The <niiidaie of Philo coii&;isted of saSroii, pypethrum (probably Aftacifchi^ 
Pijfifhrum), c?i 3 |jfioriiiiim re^iiii. &pikefiaid. white j>ep|nhT, lienhnne, opiump ami 
Jioiipy* 

The most utjiiiplex iiiedioiiies of ai^tiquity are pmbably the of 

aiul the Th^riac of AndnnmrfiHJS (about aak o4), \Vc sfuill only 
flest ribe the hitter, uliich eoutained the tbllovi'iiig ingreriients: 

Pantilies of vipers^ fle^h< |>asl:illes of st-illti bulbs (wddeh \vere eiuitetl with 
hour aijtl baked), opiuinp ]iLagriia HMlycliTOi (an ointment preparefl from 
asfiriim, aspabthiii^, calamus, ^"ale^lana Phu, sehnenanthus, balsam wcxid imd 
i^ap, einnamon, mynh, imilobuthninu Indian spikenard, cassia, saffron, 
mastic mid Faleiniiin mTis-root. rose-petals, liqnorke-julce. turnip 

secftsp scordiujii {Teucr-him Scorditmi), tSyrian baisjtni, eliinamon, agaritms 
(purging agiiric), inyiTlu rofst of Oostu^ Afobiftt^f siilTroii^ cassia, frank Incense» 
sehcenaiiHiim (Amlroiintjon), spikenarch wliite and black pepper, Pontic 
limbarh, stiedias {Liimtidtfh St^hclms], marnibiura apium 

([irohiibly paisley), cakmintha. tiirr>entine, qiiinffidfolium 
ginger, [ieiinyroyid {Mehthix Ptffetjinnr)^ chaLina^pitys {Ajftfjd im), atiiutnum, 
styrax, seeds of the I’retan Oamandert \'alerimui l*hu, Ijcmnian earth (clayb 
rnaloljathriini leaves (pitehouli Of calcined green vitriol (Cfjptif morirnfm)^ 
gentian, aniseedH tlie juice of gum-arabic, ses^^ili (a plant, 

oftlic I ifene gomis). cardanium. fenud fruits, iieacia, thla-^pi, hypericum. 

aTtnni, stLga[»^nuui, cajitor plant, aiistolocliSa^ carryt. sectks. bitumen. oiJtjponaXp 
I'eiitaiu^jum (lesser centaury), galhanum, old wine and Attic lionoy. 

Many more refoipes jire given In tJie writings of the Konian physicians 
Aulus i'orneljuji Cebiui (alK»ut : 3 ij-oUJ 31 ml esjiecially ("laudins (hibnus 
(about AJi. no^^lU). 

as regards even the BabyloniaiL'i knew a luniibcr of 

varieties of biith l>eer anti wine. Eminer wheat ami barley were used to linew 
mixed ticers, black l>ccr. red beerp small beer cuifI spiced heet^. Apart I'roin the 
use of } 3 f>ps (wlvict^ ajiiwircntly vas not known to tlie ancients), spiced beers 
arc no longer miidc in < Serrnany. To lhi& day beer is made in Kgypt Uy Tiiethcals 
very simSlEir to tlioae of the ancient Egypt cans. MesiLb made from fermented 
Jioney-water, was kiioivntoa number nf rat'es- Honey-water was often iid<lctl 
to the hecr-masli in order to inc-rcasc tlie akoholic contents 

Thk < iiEirn'AL ArcAiiATtri^ and Apfliam h-S of ANTigiriTv 

The Paiiyrtis Fliers shows that even in its days (iTjUU it.C.) the pnitluction 
of medicinally active siihsianccsa involved the uperatiems uf boiling. Infnsiuii, 
maceratioiip extraction, filtration, percolation, expreA^ing, jKiwdering with 
grindstonc,s. pestles and morians. It need hardly Ins pointed out that all 
kitchen utensils could l>c used for chemical pnrposes ^'hen suitable. The most 
important ol ihe^e was smelting. The rcliitively cxtensiA c indiLstrial activity 
of jintiiiuity nuiHt tindoubtetiiy have rei[tiire^i the rwiaijlishinent of corre- 
spcmiiingly large furnaces. 
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IlfuitratiottA A i^'^trvlnan ch^m (ml ^ipparutu^, 

Th^ iUDture* are Ifikuti (rOm a maniiiH^npt vf tbu toiit L or vcol li iur\\ writli-ll in *> 

Willi nnmi^itiu- rX|7inEiHtar>' illiiAtmtit^nd. It ia kept in St. ^tiirk'A At tkwl 

n-prtMliK-i^ Mntm^ many at tier j^lrluf^niieal lesl4, tlip wurk of ein tan alohimijat jitunni 

oji mnkiiii; |fnld Clii^iiopwifl|K>rtbitp» af thr contwry A.D. Tlio 

djw^ip from tliiH An\ otlwr MSS. wm ftr»i pnbllalki^l by tlifl From h ehinqi^t M; Ikirtl»tol 
m bifi /Mlruif iUc^tip'^PH PctiMfe ttt diw o-ac'iftt-i f-f Ji* rtm^TH ugf€+ Poriii, ] 

1. Alernbiio wit It two iSol iv-erj’ tiibi^ {rirbikotijj an ii funrnee. 

2. Ak^jibk- on rtirtnnv : foriixntion. 

I3_ Alembn- on fyrniu'o. with fix.'piv'pr. 

4. Ve^i for bjuitlotu on rnnun^e. 

DibiknA with tu^p P.y'ei\'arH. 

Ik Tnbikchi on Inmiiee, Trith two fto'oiwna, 

T. LtPiipiT dkliHutinn iippflraitn^ oriti receiver i iki> hti I l-beod, 

5. Tnbkkoft. 

0. furnace. The iiiatillatc falja bto M koAted i^uuldrork. 

fix Stk9l-lif?4d. 

11. Cjrilliilrical ilijreiitioiii of enrfhiHtkW'An^ 

12. l^rolBkbt opparatiifl ]J«klolto}. • 

13. ^Vab-balh on tri^lOcL 

14. L Contfiiikr'r for tlm Bub^Uun^e lO be treated, 

lb, Xen>[akiki. 

Ifl, CothJinBatiori vewl for ihc Ktiblimolo, 

17, K)i?n>tBkiH BpjuiratiiA- 

18 . XeTotakia appamt (Its. 

It*. Pointte w^itJi two ccHitninerA Tot tfubatancea. 

20. Kerotakiif {limird pa|atte)t. 

2U K^rotllkit np^jaralUit, 

22, ConcIcntserH for oublinmtbik, 

23- Ketottikui BpjMiratna. 

The oxtraetinn of topper, iron, tin and lead from their orw doma tided 
reduet ton fumates fittetl with hollo wii. Tempering fitriuices muat have been ' 
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usmkI for the pirKhn^tion of steel, ami cupellation fiiniaces vi ere n tiecessit}" ftJr 
refining silver. The e.\trBction of niereury inviiive^^ some kind of clistillatiori 
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PL.\Tf: 7 

liluMimfirinx tr/ .4 chtmica^ tipparaim. 

ManuMTiptfl U325 unil 23:17 in ihf XnLEtuial Pnris, Tnkeji Inijn ItfittMiuctiim 

rV^W^ de la rSiitaie dfjt i]i4ri>N# rft/w wrwj^fM 31. Pm^rm^ 

J, e'(^[itTr iribikiM m\ ftinm™. 

2. tai tMisd-biilh, 

3. Cnopi^t^r nioiTkbie^ on. fumjifVr 

4. DigBfttien-^'itsriju'l sn i^cnwii fumftco. 
fj, Tnbtk^id nn 

il. 0:iir|x^r tJfisiwithout 
7. Diji^vit aLiti-Wwiol un t ripod. 

K, t>4^tiDn-\'oafioi] in tiiriiOE'o. 

II, [>],l£0^t OJl ClJI-flflCf. 

|U, Alcittbir. 

n. AVmbic oil Of a^h-bfilh (Syno^ittfr)!. 

12. Ak^mbk- (SvtLeoiuii). 

13. PhiiiL 

14. AV^inbje with ttublliiimtiiLin nito^hli;kE<nt. 

Kultllnifitiim lifijMirutu# with jiu-ket. 

I a, 8ubliltkAtiol> AiaiAOituzf on ru/niteo. 


apji&ratuNi. In order to smelt nietaLn, crucibles and crucible fiimaces were 
necessary', while cast iron was aisn kiiowm. The production of mortar iirifl 
plaster of Pads presupposes kilns for ignited lime and gypsum. The manu- 
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fiictlire uf bricks and pottery loak pkcc hi kilns, of which a iiuiiilier have hecR 
futind, fitid ghtss intiimfaotiii'e touk pliice in glass i'liniaecs with refractory 

Etiiiciial interest attaches tcj diJUtHhiiiisn irjfajeJa. Diatillatioii iva^g iu^rrietl 
out even in anLii|uity. Even when we have no tlirecl eviclonce of tills, it is 
reasDiiiible to suppose that sueh a simple fact could not have been uiiknowiL 
The lul of a hraling tyiuretwin would illustnite the process to anyone with tJic 
^tightest power of observation. If the s^w'eprtn lid is pinvidcd wdtii an outlet 
or some tmangemeiit for dmiiiing, then the distillation vessel is complete. 
Aristotle eontinish the kiiovvlc<lge of this principle. He siiys : If a mixture 

of li(piid and solid conii>OTteiits is evaliomteci. a vapour is formed which tian 
he condensed to liquid, while the solid componciit^i rcniiiiu l>ehiniL'“ TJie 
priueipJe of distillation could hardly be ni(>re eietirly expres.setL Tii niiother 
place lie mys that wea-w-^ater can lie made potable by distillation. 

The process of eliarcoal-buniing alsci illustrates a type of distillation 
prcK'css wdiich was very well known to the ancients. The depression in the 
heart hat one to collect the nun volatile pniduek together with the delivery 
pipt^ and the trap for tar tcmstitute a distillation apparatus. Tar from all 
kinds of conifoiw, jiitch and pitch oil w'ere know n, anti were produced particu¬ 
larly in Colophon, tkiil and Pityiisa. Further, the^tlow combustiiin of coiiitbr 
\v€H^l in its own kiln constituted a kiTul of distiiiafio ]jj the 

product of soot by a kind of destructive suhlimatiDn. Dinskurides reironimemls 
water eooUiig for the covcr+ whicli he calls am(nx. It h impossible to obtjiin 
merciirv from L-inmibar w'ithuut distillatioiip and the production of zinc oxide 
in the cJiimneys of smelting fumaiL^es helonga to ttie same t!ategory* 

We must also mention the ty|)e of dintillation deaerihed fjy Idiiiy and 
Dioskiiridcs. in wlik-li sheejfs wtail was used to catch the oil disLiliiiig over 
(in the jircfiatiition of oil from cctlar, jiiiil|>ei\ or rcHin)** 

P, fh. Ray ha« ^lescribed some liKliaii apparatus used in the tate Miiildle 
Ages which jimhably I'ewcmblcs llie apparatus of the aneieivLs, It inciiides 
hubliiimtion vessels, tw'o [x>ts placed one above the other, aiqiaratus with 
belioxvs fur diJttilhfto pe^r ikacammift. antJ distilhitTon apparatu.^ with tlclivery 
tidies a lid primitive ciiyjleti rcceivei^. 

Xo pre-Christian tlrawiugs of dL=itillatiun vessels Imve come ihiwn ttj u^. 
It. vva;^ only after tiie third t'entnry a.o, that mami^eripts dealing with eheuueai 
subjects were illusTrated, A maiiUHcript in tlie [ahmry of St. Mark. V'eiiice^ 
eoivtfiuis texts liy various aiithorH, notably ZosimotH of PaTu>]iolia ; in this are 
illustrated nunien>us vessels wditt li ujidouhledly niust have lieen used ftir the 
purpose of distillation. A rnunuseriiit in the National Lihniiy at Paris also 
shows illustrations of a large variety of eheriiieal apjiliances. The 
apparatus at llie disjiosal of the cdieniist at the close (if aneiciil times 
and the begimiing of the Middle Ages is very well jllusiruted. There 
were HUiall portable fumaecis. while oil lamps and (^iuidlcK were also 
used for heating. HistiHut ion w as carricrl out im an ash-bath or on 

i In wp may juviUIwi clmt lM>[h .^tdiUntli- illul Ptinv ken^w Otnf #tron^ wincsi 

inUnmTnnhlc'VA|KHMrH fnlDotml) on ho^iOrilc. 
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a wat&r-bith ( Isis Isatlu or \m\ii niaric}; both tbcee methodj^ acre 
known mmh ^^arlier. T!ie distillation \ei^e\s weie of cx>]>iipr or g!a.^ 
1'hcy eomistt"d of a Hask {or pluul) surtnouiited by a stiiMiead, whicJi Has 
later kiiowii as an sleinbit* (from the (ireek won! amhtjf whioh was also nsceS 
to tleserib^ a still-lieaflj. The evaponitlng liquid cfnulensotl in tlie head, w hieli 
coaid lie fitted wdtb an enlarged riin in \vhieh the toiulensi^d liquid oollet!te<l. 
By means of a delivery Mi be fitting into ibis rim the liquifl was leil into a dask 
{r&creiver or recfeptac-uliiink Hi pbice of one delivery tube there might be two 
or three, each with its i-eceiver ; the ajiparaliis was then eallctl dihitm or 
^rjVijT'ttS. It may be notetJ that eopiier diKtilliition vessels with twt^ neekd are 
used to t he ]iresent day in the spirit-distilling industry. 

There were of v^ourse rligestion vessels (e.g. for dissohition) and also the 
so-callefi eirciilatiiig vessels, the action of which may he compared Hitii that 
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itifhnn rhrmr^ ^^ppamiu^ 


I . |>Hli 1 llii^ iippHTihtUH wpta very HimtliV for tUv nsreiver. 

i. SnMpiastor^’ ; the ifi filfwl with rota wjitor+ 

3. SiililiiinHitiS'ry* 

of refinx condonsers. There vvere %'essels for calcination (oxidation of metals) 

ttjul diitillntion vesseU snmewliiit resemWiiiK llie retort.s still naecl to-iliiy. 
A pieL*e of uiiparatus in the St. MarkV manuscript may Iw a “ Moor's head,” 
i.e. a water■t.'oole<l «till*heatl. iThc c(K)lmg vessel aurroaiiilmg the still-heafl 
hari been eotnparc*! to a tiirbariO Tliere were also sublinmtUin vessels, which 
lire of coufiie only fl variant of rllsliNation vestjels. 

Kspecial interest attache!* to the so-ealletl kerutiikis or palette ap|xiratlin. 
This was ])roljiibly similar to the liirialruetion deficril>ed liy the Inilian Ray. 
in whieli a perforWl plate b fiseri lietwcen ati upper BiifJ a lower jar. The 
suhstance Iwlow can voliitilise through the iierr«ratiinis nml tiuhlime into the 
upper vessel, or alteniatively a siilxstance e«n lie placed on Hie perforatctl 
jilate, where it is extracted, dissolved or otherwise acteil uikhi hy the vii|Knin* 
coming from helow- 

Onlv a little aelual ciieiiiienl apparatus lias been preserveil from ajicient 
times. There are of cmirBc* many earthenware jugs and glass bottles and phials. 
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may or inny not have lwc:ii uacil for ehemion) purpit^. Many of them 
have been fouotJ in touiba and wore never iiiwl al alL Hon'ever, vesiaelti for 
nil. (jiiitnicnt and bulHniii are well kiinw'ii in large iiiiminers in iiiiv ctillectinn of 
antitjuitiif^'^; aryballoa. aliilraBtroti. haliuimaneii. They were nmrlo of ear t lien- 
ware, glasii. alabaster anti bronze. Tiiere are also rcK:inetie vessels of inanv 
kinda, niortaiw of marble and otlier sorts of stone, also a few’ vessels used by 
niKithernri^. EarthenwaTt? veaseb with liltera are not rare, inchiding beer- 
liltera and jugs with a filter in place of n lid (for making iiifiiaioTts). 

The inrense burners, censers and in cense-sjioorts wiiidi have l>eeii foutiii 
are of a eereinonial nature, 

t)f numerous varieties of cooking uppliancfts, npeeiiil nientiun may l>e 
made of funnels and siphons of glass and iiietaL 



PLATK t> 

Mttiitirtil Iml tan fhrmteal aff/mrittiut iHatf). 

I. Kxtrai^iriik 

«. r.^nihlin^ btnj taki.^. 

Smeltiiig-cnicibles and pots forglas.s.making belong to the field tif technical 
iheniistn". 

It is inipDi'tjitit to iioto thfit (witli otic or two piiriH) are 

fuund, and atili more often ti-fiujhts. of W'hitili there are complete sets in musemns 
and private collections. We may also mention the existence of act ual measures 
for nicas tiring the volume of Ii<tuid.s, 

Twit siipposetl gliLss retorts are known, one at AIisca)nj>.s in France and 
the other, originally fuinid in Syria, in the Deutsche Museum in Munich. These 
sioiallciJ retorbi are probably only faulty or unfiiibhed phiaU, 

As regards the most iintjoiiant timmiserifil toiirecjt fur the cheiiiistrv of 
the ancients, we have in addition to Ihtwe dealing with medicine (part ic iilarlv 
Pliny : see above) tJie papyri of Uyden and of Stockholm. These are fi^mi the 
third century a n. and deal especially with the faisification of metals, jireclous 
£itoneH afirl costly dyes. 

Material is abu available in tJie agricultural and technical uritere of 
antiquity (Vitniviu.^: tJic cookery bocjk of x4piciuAj. 


1'HE ( HEMISTKV OF THE AXCTEXTe^ 


IW 

TJie EgyptiatL^ ajipc^iir to Jmve knt^tvn tJie fuiidiinieiital prliK-ipkfi of 
prai'tica! trh«!ndral manipulation, in fact the wortl " eliministry "" (or aleliemy) 
limy have originally meant Egyptian learning/" HoiveverT tlie Oreek 
pivilufiophcrs anti pliysicjahy akci cjirrleil tmt exiJeriiiicnts, eiij>ceially Atistatle, 
^^ho. among otlier things, earrletl ijiit reisearehes in what ^ve siioiilcl tti-clay 
term colloid chemistry, 

He gTKspe^l ill a rcmaikal>le way the action of the male iLoriuoiie^ 
realising that “small ehangcH acting on the principle of a thing eaii effect 
large and manifold changes at t lie i>eriphery, just as a smalt movement of the 
rtidder can bring alxiul a large thange in the flircction fif the ship/" ThLi is a 
most [K^netrivtiiig and modern enunciation. 

The Theoretical t'HEinsTRV of ANTiQcm: 

8]^ecial interest attaches to the of elrru€tdit^ This ijnite flitferont 

to I he conception which was held right up to present times, a conception uhLeh 
ill turn has given way to t lie idea i>fe1eetronfi. positrons^^. neutrons {anil jdiotons), 
ivhicii can haitlly he termetl “ chemical ” eutitics. 

W'e can hariijy esjH*:ct that the Kcientilic eoiicf*pts of the ancients should 
lie lasting and iinehaiiged by fnrther work* It is t|nite unjiistihable to belittle 
the concept of elements foundetl hy Emjie<ioeles and Aristotle without eoii- 
siderhig tinder what circumstances it ivas proiluccd. The ielea that tliere were 
substances which conid not lie suhflivided further must have appeared illogical 
to any philosophei^ aial we cJiniMd suppjse that an Aristotle would ojitertain 
such an ahHurd ountradiclioii to ex|jerieni.^. 

.Aristotle taught that theixi! are four elements, iarth. tuV, fre and wviler. 
It die I not occur to jiunieron^ cheniLsts of the jiast era that these names were 
only syinbolH for the solid, gaseous, incaodeseoiit aiui liquid states. Tims if 
U is stated that a siibstauLt* contains the element airr it means that it can he 
eoiiverteil into the gaseous state. If wtkkI is stated to t^tmtaiii “earth and 
air/* it in cans niei'cJy that it can Ije triuisiurmed to sol id {ash+ clmrccjal) and 
gaseous sijlistonces, C 'oiisidereii in this lightt ArLstotk-'a coiKX^ption of elementa 
has a reasonable interpretation. 

I'lie elements are closely eoniiected witli the jirinciples of heat, ctdd, 
diynei>s and moisture. When Aristotle says that tije properties ofsulistances 
can be explained on the basis of these four principles^ he is not so far itimi tim 
tnitli. He states for example that the funn of matter is regnlate^d by the 
j>rinciples of heat and cold, winch Ls completely eorrcc:t, els is also the Htaleineiit 
that even iJieir f^pecide weights ile|jend on thew two priiieiples. Aristotle*^ 
theory of dements iiuL<t l>e interjireted as an attempt to refer the prt>|jertics 
of substances, i.c. all that is knovim about them tu a small number of i>njicitde?( 
{JnTidfWfriitffi propvriies], which is a fundamentally sounifi line nf attack. 

As regards the theory of dieiiULtil iwix^ssts. the attitude of the cbeniiats 
of antiquity to the atomistic theories of Heniocritus and Epicriiriis was. certainly 
not the one which we are inclined to attribute to tiiem in the light of present 
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knowlmige. A I urge iiu Hiller of elieinicftl were kiioviii. I>iit tiie.w 

wen? iiw rt rule ivgnrtle^l m of or aiul were 

not ifi any viay e(>niieetetl ^vith ati alunilstir euiit^ptiorn The idea that itll 
eheinieal .^uh:iiUnci:^ are mixtures must he Uglitly flismis^seil. since it is in 
feet the trnth. 

The idea itswociateil with the vcukI irati^mahitiofi was iiut tiiiit fuie tub- 
stance could be transformer! into another hy some wonderful or magical 
process, but merely that (just in niaiTiage) tw'o Hul^^tanees wuld iniite to 
pnaluee a new siilxHtancMe. Tlie rotitf^iifion^ of tihhrmif fiiny be in pari clue to 
this idea. 

As ix^ards weiglits and prtJfiorEons in ehoiiiicnl [>rfKie«ses. ETU|jedoides in 
uf tJie iipinioii tinit the liilleruitces hetu'een siihstances ttcjiciid ultimately upon 
differences in tlitir quonUfftHr^ hike Aristoile, lie states t[uitc 

clearly the hiw of conaei'vatiuii nf mailer, a laii' wliieh is hi S4>nve extent 
absitaloiied in preseiit-ikiy cheniistr}", but whicli has stuial na a I'lmLJamentit! 
<'hemic4il |irinciplc since the lime nf havoLsier. The [\?t tliat the woiglit of 
matter remaiiLs conj^fani in comhuBlifai (proved ex[ieriiiientally by ]H.avcjisier) 
is t|Liite iiiiecpLi'^'CKailly stateil by Lucian. 

I'he oldest known dtfinical belong to the close of aTitiqiiity or 

the beginning of the Mkhllc Ages. 

The nisniuwcript of St- Mai-k (\'eidce) dealing with tlie knowleLlge of the 
Alexandrines itiejitifies the t^veu metals with the seven planets : the sun 
vrith gold, the moon with silver. Kroiats (Saturn) with leail^ Zeus (Jupiter) 
not {m* wiifi the cAtHj kiter) with tin, but with clectrtim : thii^ k of coureie the 
gokbiiilver alloy of thsit name and not the .similarly name^i uinlicr. Area 
(.^Ifirs) w'as assigned to iixmt .A]ihnidite to hranr^e (copl^e^)^ and Hermea tn 
tin I not (as later) to mercury. The aigre^ uaed for tiic^e metals are obviously 
the signs of the planets. The eitemiml symbol for gold was a circle wdlh raj^s. 
whicli were omitted later. Tlie signs for silver, lead, iron and cop|ier are 
approximateK' the same a« those used subsequentlv. The sign for Eiermes 
(tin) is the snine ei« that used later for mercLiry. while mercury ivas represented 
fi_v a waning in^ion and silver by a waxing one. The other i^ymb[ds Ijpar very 
tittle n?5w-inblatice to those used later by the alchemists. However* the list of 
signs shows lliat the Alexandrian chemist wsis aware of the presence of copper, 
tin. silver, leath in the ore-^ and ccaii|Hnm(!s of thes^ metals : thus tli^ 
presence of iron in iron oxide is sinwvn by the ime of the symbol for nietiillie 
iron in the sigii for iron t^xide. in view tjf the {luctiiiic of traiitTmutation 
{whiL!h also exislc^l at that time), thb reeognitiuii of the tjreaft/ii imporinnrt^ 
and gives a direct link fietween the Alexandrians and pre^nt-day chemistry* 

d'he ideiitificatiofi of the metals with the plan eta is certainly nut due to 
the AJcxandfLan Olympiodoros. to w hom it y? often aserlhed. hut is undoubtedly 
very niueh okler^ and most j.irc»bal>ly represents a part of tlie Babylonian star 
religion. 

An early mcfJianud niannscript from J^yria in the British Mubcuiti also 
contains a list of chemit^l signs, which however show' very little agrecnient 
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with those u&ed kter. Almost the cnily ones t-o eorpespond are tl^ose for gold, 
silver aim! iron. TJie sun represents gold and Hre, the inooiL silver and watort 
ZeiLS is air^ Ares is iron, is meroiiry and Kronos is load. The taLl>le 

shows clearly that in most eases the signs w*ed were in no way invariable, 
T]ie faet that signs were useil at ail k partly due to tlie aeerecy with which 
chomLstry was aumiimrlerl (an im|K)rtaiit factor in all f>erjofLs}, w hile they were 
also uji?e<I a£i a eunvement and rapid method of rerortling chemical facts. 
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Viful plftti' of thi' indox oi llio hi'rfml. 


CHEMISTRY !X THE MIDDLE AGES 

Tjik ii'entLiric* of mdal migrutlnn did a greiitiledl of li^irin ta liumaiL ciiltiirpT 
iiithuling both the tlieory anti prztctit.-e of cliembitry. A miinSicr of Mjuntrws 
whioh were iiffcetecl hy the cli^taThanw? of niigration (jiartictiJarly 

UvKaiitiiim and tlie Orieitt) woixr harmed hy the npreail of ^loliuiiiriiL-damaiiiT 
wil !j iu opihisitkiu to culture. However* in tlie tienr Eiist tind the whole of the 
Orient n eoiibsideraibie |jortLon of the knowledge and tcchnitjue of the anebnta 
was [nt^^Tved, particularly hi C’oiisUiitinoiile. Syria, Eg;>’pt and Pei^sk. 
L-ndei' a veneer of Moliaminedatiis^ni the eultum of aiitLijuiiy eontmiied 
triiiiiiphantiv. There ^vere at first several L^iitiirie^ of weartsoine aalvaiKe work, 
during w hich much was irrevoeahly lijrit. Then about tlie tlurteentli l■entlJry 
the stream of development again liegan to Htnv snua>thly, ant I a great neiv 
movement in the fieUl <pf chemistry dsitesi fo>ni tfiLs period. The often repeated 
phnLsc^ wdiieh depict the Mifldle Ages as a period of the deepest ignorant 
and itiipoteiu?e can no longer be aceepled. !f applierl to the fiehl of chemktry 
they can definitely be deHerll>ed as fabehiKPtls. since the Middle Aj^es proLhiteid 
discoveries of the verv highcv^t inipcirtfliicc. w hich are quUe aw n wilh «H/y 

chf^miatl dmoterteJi. and which stand higher than of them. 

In tliE last i'entiirica of the Middle Ages ^-hemiatry wjis iu full fiower. botii 
technically as ati aD or trade and scientificallv in its theories and philosophy, 
w Idle great explorations hml liegim to w i<len its hori^fnis still further. 

In the first few' wiituries tjf the Middle Ages cheniLslry was still dependent 
on the wcirk of antiquity, 'riius in the f'oiii|>eiidiuin itf isidonia of Seville 
there h Haitily any chemical infornmtiort which was not known to 
the Romans. The same Ls true of Riiabanns Mfmrua* the Derriiau Beneiiktine 
The work of the latter does, however* show that Hie technical 
chemical art* of the ancient RomaiVH were gfadnally springing up Eigain iu 
tiermany* e.g. he givcrf illustmtions of a w'orkshoii for glass-blow ing and a 
dve-w'or'ks. The niauufaeturo of glass in Hermany to have died out 

eoinplctely hot ween the fifth mid seventh ifenturies. 
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The Caroliiigian rnHiiu^cTipt afl imjaidm <latefl froin the 

end of the eighth or the l^egitiinng of the iiinth oentun^. hm m prsdjabh" tlerived 
from a (fTeek original. Many teclitiltal cheniiea! are dei^erilied. 

especially in cpniict^timi with the nianufactHre of dyes and dyed materials. 

It describes the tiniingof g]iis.s, the eolijuring an<l gilding of mosaic, the 
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i-oloiirUig of metak (jineporatbii of QlIoy«), dyeing of textilcti and Jt^ntlier the 
pitparatioti of white lead atid artificifll einnnhar, hk well iw iiiiiny other things. 
The general [mpression. howewr, i» Him jnitlimg is tiescriheil which w«a not 
known to the ancients. Other nianuseripts of inicertain date exist, e g the 
Bool- of HerafUns on the arts of the Romans (i.e. the ByEantuies). The dves 
mentioned by thL« author ivete all known to tJie juuieiits. He mtn»duues u 
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few new name.'i, e.g. hin^Ji-wiinfl (red Hiiiulnl-wourl), but this was 
usimI its a dyi? in j^outhi^rii Aaisi^ ^veii in aiitieiit tiiueSn ^ 

A f^imilar l)i>cjk, Mappo: rfarkuf^i (key to i^ainting), ifi of more iiiTerc'^t to 
tlie painter than tu the thcmist.- 

I’fie curmine dewcrilie^l in this^ btiok was probably prepared from tlie 
couhiiieaiL iiiiseet., aiitl appeal's not to have licen known to tlie aneients (lis was 
tlie kermea flye). 

Schedjfiii tiirermriini fir/iwiw written liy Tkeophihis Preaht/ter. a 

liy/iintine monk who mi^mte^l to (.'ologne about tlfjO and tcxik the name of 
Rogeiiis. It is a book on tlie art of jHiinting. and describes tlie kiinwletlge 
ami technique of the fiyzant.ineg. A list of pigments is given, eontiiining 
dyes from certain berrlee (whortleIxiJTies. cranlx^rries, eklerlierriea), ivhich 
<jf f^mrsc*. were knoivii fruin prim dive times : also eamiiiie ami red Isieqiier^ 
pnibiihly frtjm the Indian stiek-hic.^ 

Tlieophilus" w’ork vonta'ms pi\rtienlarly gooil flirerdinna for making glass, 
both plate-gliiHs and ghttw vessels. He tlesciilMfs glassTurnaL'es, glass-|iuts, 
annealing furniu^s, flaltetiing furnaces, toola ; the melting, coJimring ami 
tkshnig of glass : painting glass and burning in colours (w iih fiimaee^ foi^ the 
latter) I <:irnamentation^ glasfl-entting and glass-repiiring. The IxKik also 
deals with the preiairation of enamels, niello teehniqiie. uilaying anri gokl- 
sniiths' work* 

As regards ijhariuaceiitieal knowledge, the ^Vestern woild deiKaided 
t*om]>ietel\' on the lore c*f iintiqnity for the Hrst few eentaries of the Midi]Ie 
Ages, For the piir|joses of this book we shall take aeeouiit only of new rJnigH 
(not of new' appJieations of old ones)t and from this [xsLnt of view' there is little 
to be saki aliour this eixscli. As snnrees we amy ineiition Luritt^ Ap*fleiti{>e 
and his Herl>arins " (first half of the iilih century): 

(alK>nt ^'ho, as an Asiatic, waa particLilarly acquainted vvirli drugs from 

Asia, e.g. camphor^ galangaf zefioarVp anrn^ardia, mymhahin, elovea^, etc, : 
the phyaieian Alej-muhr (lH>m 525)* wlio was prolxihiy the first to 

mention rhiilxtrb (although the plant was itsed finme&tiially long before) ; 
the phweian PaiitoJi Ai^ittEtea (first half of the i^eventh century) : and tinally 
iViJwoH (elevent]i {rentury) who knew' nutmeg Ji^nd hasJiLsh, ami used 

camphor, ambergris aiul musk meilicinally. These substanees must have 
betui known Jong previously in India, Musk had already licen nientioned by 
Aretieus and by St, Jertmie. 

It Lh sometimes said lliat the phy sician Faulos Aeginetes (a be ill (>4id was 
the first to intnMhure mercury’ ami aiitimoiiy (antimony sulphide) into medieine. 
but this is a matler tiion? of merJind than of eheiineal interest. (Preiwirafions 
of lead and ^itie were used hy the ancients.) 

^ \Vu ml nhwfui^i hsyrti iiaw fnr tlw ciflCvrinL* 1m? (p-jr. oiK 

white' iknd yalk of wiw in i| 3 ^ fcU Jui iiirijfp ^Intr. 

* Jt rontiiJikR till? t<?i'liriii^UP tif wme, glut' Jinti of luid lost mrt bn-i un whIJ 

p»iiliiUli|t. vamidkt^. ihi? mburitiility of clilTt'O'iU piyna^nl^i, vtc. 

■ WV rtiliJft ignopp the nurTclioii of hiftw far the? pnintii^t torhnit|tfcr EinsrrtliCfl fin 

ticulitr 4iiL|unritirijj^ witH linm^i uif, pn'piiTiitEOn of ^'twriish, tnmtilijr^iit puiiktii] 4 ZH t?^.) iovolvoti 
fn?Hh dii4f'OVftiriii\^^ 
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We nmj' eoy tJ'iit lliefie Ih i^otlilri^ npw (or tlie rheiijist in tJie central 
Ellrojlean iircsrriiition lioukis of the early 3[ukllc Ages, e.g. tlie lnKik of Banilwrg 
or the two of Kt, (kilJen, 

The intj-Oiluetinri of iinjiortaiit spices anil herbs into (.ieriimiiv was volued 
BO highly by tho Benedictine iDonastcrics that the Cnrolinginn bapitiilnri' de 
vilHs (Lufiivig the pious) iwans tlie ofheial stamp ; titis has, Iniwcvcr, onlv an 
inclireHL't hearing on chemistry, 

Tlie so-called Grevh itr jirt was uti early Hyzantiiie distovorv 

(about liTl), due to the tecliniciaii kniiimkoa foun Helio^'hiib in Svria, It 
appears tti have been a sjjontaiieoiisly inllammabte liipiid which l>y jiieaiiH of 
piimfm nnild he sprayed on tti i he enemy’» shijw, It is a fact that hy this 
methud the Arab Hlii|iis w'ero destroyed off KyzUios in tlio vonr CT3, and also 
tlio Hiissian ileet olT ByMmtiuin in h4L 

Tlie solution is to he found in the term " Median ” liiEf. History relates 
that it consisted of a mixture of Meiliim {letroleum. sulphur, pitch and fwit (?). 
in w'hicli finely' rlividefi rjuicklime wiis suspeiidod. The mixture iguitcsl on 
coming into contact with water. Since cTiide petrulentn would liardlv have 
Ignited, the mixture must have contained a distillate from fjctrnleuin, the 
preparatieJi of which would Imvc been ]x>Hsiblc at any period, 't’iie word 
* salt " Jins aruused some speeiilatioh. since the preaonce of ordinary salt 
would have liecii piiqioseless, if imt liariufuL Salljadro cannot be uitendcd, 
■iiiico according to exjiertH it was not known at that time. The [Hiint is w'Orthy 
of further consideration. 

We HOB' come to the subject of Arahic chemistry. Of priuic importance 
is the famous /ija/nV. b. liaiyaii,^ who, unrlsr the name (leiicT. w’as cnnsiilcred 
right tlirough the Middle Ages and later (up to the time of BerLhelot) to lie 
the fcmtider nut only of Amhic chemistry, but of all truly scientific cliemistn . 
He w'as probably ii I’ereian from Khorusan. HL* father appears to have been 
a druggist and a martyr of the .Shi'ite Mohnnimedanisiii. His teacher was 
the famous Oja'far al-Sadik, vvhu was not buwever a chemist. 11 luifi now been 
show')] that the laitin texts of Western origin under the name of ** Cieber *' 
cannot be attributed to Djabir, anti do nut com!S[Kiuil to any .Arabic origuials 
The true Djabir texts have meanwliile Iweii dist^ivered in the libraries ol 
L'airu and ('oustantinoplo. They show' tJiat although Djabir was the agency 
by wLdch the knowledge of the (lieeks and the Helleuised culture of the 
Persian age was conveyed to the Moliiiminedaiis, he was not the great dis- 
coverer he was at one time taken for. Only a portion of Im works deal with 
chemistry, e.g. the Book of tlie Seventy, the Book of J'oiaons, and the Bunk 
of Sjwjdfic Properties. 

His works contain much wliicL is id' ehcmkal interest, in particubr 
antidotes for poLHons. soisorifii^ and sedatives, cusmetic pre[jaratioua (e.g. for 
removing hair and for tattooing), pigments, varnishes, inks, artificial in-eejoua 
stones, and talismans. Tlicne are. Jiowcver. subjects which for the most part 


> Herr 1U|.( ihumahuut, riH> BivHinii ,if AmhiH mime* is tlmt of tilt* 
Ltiyuvfi niid Isiiiilui], 1103 , 


fi^_p4r(/frj fjf 
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Dteiir (or might lie exfjcctefl to oetw) iii kte trlicmiwil mumjHcri|>t^ of tiid 
antique age. The J^itin Ceher nianiiBiTipti^ do tioti conhiiti miy tiheuLieal 
knoivletigc far in advance of the anderit*5, except the reeognitien of sal- 
aniitioiuac ami of hartshorn {amnioriium earlionate). 

From our linnudedge of religious history, the genuine ” wrifchigs of 
J>jrtbir must tie dated l>efore SOU. Ey Djabir was coasklercd a great 
iiuthority by his eoiuitryiiien. Since Djabir lived in the eighth oantnry, the 

Altarabische Destillier-Einrichtungen 

zur Gewinnung von Rosenwasscr^. 



Wa&serdampfheirung 
Kciben aua Gks. 




Direktfi Heix,ung 
KoLben glaaicrtp 



^^Qso'dajitfsBeTlillicrAi^^ 

‘ dcrGrictheti il Gdichrien. 

4 

pLATi^ la 

fuf rtiav walot. 

1. 0 iibiii Miuakii tMMktod by 

2. CUiiKCLi lH-iilr«rihns'lly. 

^ Tin ajiftamtiM. 
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question arisiBS ns to liuw far various pupik of the latuatlian seeta may liave 
unitetJ their work and tiial of tlieir circle, and jjrodiieetl the resiiUitig work* 
under the name of Djabir. From the point of view of chemical history this 
is not of mueh inijjortaiice as the cpiestifHi i.if how much Djabir (whoever 
he may have been) actually contributed in advancing chemical kitowledge 
beyond that of the ancients. As far can l>& ascertained, his eliief claim to 
fame h that he (like ether Meljamtnedans of Persian, Syrian. Kgyptiati and 
Spanish origin) cuntribiited to the salvage of the Hcience vt antifiuity.*^ 

^ TlikiH wlipfi it iM i-mjiltiuiiiafHd tJknL In' liikii giisiikP I'^liccpl tuli of iiiiafktEUittVu pfoportickiu £ii 
i^lL'mii-al (m thr of ckxitlik am\ vinp^arb it bIiouIJ bo n^im:rikbeu*ii tlkiit 

thiu kU^tt fm<i hcort pkU forwim^l by tin? jihil4J4Wphcra of ofidqulty- 
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Wliat ^ve have Sftifl of Djabir jh true aUi» of the i‘heiuiejil kuDwleilge of 
the Anibian phy^sielaiis t^jiiteni]nmiry ^vith liini mid Ibltoujiig iniinecliutely 
after bi^i, most of whum were ncit Aralhai^s^ at nil. We limy mention 
the Ekler tVahya ibn Masawaih). su|j[M:^sefl to luive f»een the Messiah (tiiefi 
857); the Persian Rh<izeJ^ [Razes, Abu Hakr Mitlmmnmd l>, Z^ikanya al-RiizTt 
8r>0-0::;3 or : Et/'apitu^ the elder (..laiuis Dumaseenusl (Valiya ihn Siirrifyiiii) 
Ui the nhith t>r tenili eentury ; aiicl evf?n the great isr fhu Sirm {Ahu 

"AIT ahHusam I bn 'Akl Allah liai Kltiii. h80-lD:i7h Persian whfjse tViwofl 
Mt\t{irtmr rejii-escritH tlie of Mohaiiimeflaii niedjeal knowledge. 

The new' ik]ipUeiitioret of medieiiies were [imhahly largely due to the 
new and improvcrl meariB of triLiiS|jurt^ wliereby drugs eouhl be obtained 
from Southern and Eastern Asia and frsun Afriea. For tJie greater |>art the 
work of these Mohanuiiedan physiciatis is bfised on the knowledge of antiquity, 
and the Wfjrk of Avicenna shows elearly ilie inflnenw id‘ Diosknriflcs. Ttic 
new Iv illtriKlneed drugs nuisl in all prohahility have been knouii much earlier 
m the countries of their orlglii. Among fithet^ we may inentloii tainariiid. 
purging ej^issia, kaiiiaJa, saga|>eniiin. senna, llores eiine. The last three ajapear 
to have bt^n lirst mentioned by Serapioii, w hile the foiirteeiith-t^entury es[dtTer 
llm Battuta is ftnp|icised to he the Hrst t<p descrilH^ giiiii benzoin [?)- 

-Mention must be made of sal-ammoiiiae. Know ii to Djabir. it iVuiid 
ni(ire c+xterulecl apjiiication in the tliirteeiith century. It probably came from 
Central Aj^ia atirl Persia, wliere it ot^-iim^il naturally aw n [umluct of volcanie 
eruplimi ; tliis is stateti by al-Diina>ihki. who also mentintiH the iirtilicial 
prtabiction of .sal-annnoniae by the Egvqitlaiis. The discovery of the tlbitiiie- 
tion hetweeJi potash anfl ssahi Iihh been ascrilaHl to the A nibs, but it inuat in 
some caseir have been known to tlie ghe>s makers of antiquity. Sugar and 
ayrups were widely and extensively iiscfl. t'omhuKtible spirits of wine (i.e. 
liquicb containing a high ]icrcentage of jdcohoJl do not aiiipear to have l>een 
known lo the MohammtKbma. 

Much more iiii|jurtaiit ehendcal dLscuverics were one time attributed to 
AviceriEH ; tills is becau^ a nnmiser oJ' eheznicai writings ^Hairing his name 
were belJevcd l<j be genuine, but have subsequently proved to la? later protliic- 
tions^ mostly ftairteenth century (w later. The real Chrmimi Hemiismn^e 
began uper sill these Mohfliiimcdans, 

Jt Ifcgan w ith the diWcoftT// of mitinire and of the niinend fleifls. 
L'lifortuiuitely the dbu-overers art completely uiikiunvn. The home of 
the diseftK^rer of ffdlfpetre was ]irol>nhly ('emml Asia or China, The niinend 
acids^^idyiAariV acid and JoYriV add, were most proliality <lis.rovered in 4Soutiierii 
EnF<ijie dxK^Ibly in IUily)+ hanilii* before 

We should be much nearer a si:>lutioii of the problem if we knew' the author 
of the Ltilin (Jiber which fur hundreds of years led students of 

mediEeval cheiiiLstry cm a fuli^ trail, TJie work of Ilcrthelot wm the tirst to 

^ al-KazwInl (rlinl I:is3j knew tlisJ. mi vitriol runasi. wim* >£eVCIi ejO wliirll 

|ii«^Uh iiiid prodiM-W |rr^t twn! on ^rniiig uitrt vrilli wDt^?^. J-lnafVi'r, tliE.s 

w*w pr^ilifilily alKP ktiwwn to 
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dear u{) the prwitioii. The Heber inouuHtripts date irom the l>Dgini)iiig of the 
tliirtcenth wntiiry* Hardly any of the internal evidenoe m to liia place of 
origin points to Southern Europe, mid it la fiossiblo tlnit he may have lieen a 
Ccrmaii. PJiilologiea! exj»eit& niigivt be able to decide whether the Latin uaed 
by tie her is that of n southern or a northern European ; this would be a further 
step towards the soiutioii t*f tlie enigma. His ciiicf work, /jcr/ecfiowis 

vui'jhtfrii. is the most itniKirlanl in thui conncHiou, 

M’liiil nett facts were known to (Jetier ^ Most itnportunt is his aui|uaint- 
atiee with the aeith!. «riV/ (obtainerl by distilling green vitriolk nitric 

acid and nqua rer/ia. He (obtained nitric acid by fUstUliug salt|H-tre witli c«>p[ier 
snlpbate and alum, or salt]ietre and eopijer Bulphale hImiiv. Aqua regia waa 
made by distilling salt[ietre. ctipi*cr sulphate and sul-ummoiime. 

Furtber data are given hy other writers of the perioil, Vitalis de Furno 
(die<l 13:i7} probably lived somewbat later than (teber, itut gives some of the 
earliest accounts of acids. His starting materials were saltpetre and blue 
vitriol. Just as in the case off teller, it is imi>[>ssibje to e-stidilhih whether bis 
{uescriptiotLS are of earlier origin. A Pseudo-AUiertiis prepared aqua regia 
by beating SHll[iot|-e with calcined alum and ferrous sulphate, or sabqictni with 
alum, femnis sulpliate and c^imiiinti salt (fn>m his work Compoiitttm de 
C(tBipoiiiti«). (Momar in 13 oUii|h) gives salt|ietrp. ferrous sulphate luul eimimon 
salt as starting materials, .A ByKimtine rccqw of tho fourteentb c-entury uses 
sa]t|H‘tre with Hoeca nliim and ferroua sulphate, or saltpetre and copper 
an 1 pi 1 ate. 

A detailed deaeription of all these nietiiocls was hret given by Biriiiguecio iu 
the sixteenth century. He uses saltpetre with alum, brickdust nr sand, and 
uses a receiver t'ontaining water aiKl silver to remove Iiyciroehkirie acid. 
(Water must always have been iicecasiiry. but k not mentioned previenstyd 
if sid'aiiiinoniae was adtieti to the aimve mixture, mpia regia was obtained, 
Hotb Biringneeio and licbire him Heber ii-ied t|uantities tt'hieh (‘orrcspoiid 
roughly to the ittoiehLumetric ratios. ^Vctnirding to Walden the agreement k 
salisfat'tor5% 

There are a number of {loints of interest in thciic preparations. When tbe 
aitcienta jirejiare^l C’nj)nl tunffttutn by ben ting green vitriol, fmnea of sulphur 
trioxide must have l>ceu evident, further (os shown bt* Walden), the cx)ieri" 
nientK described abf>vc also lead tn the formation of potassium sulphate, 
nitrogen iieroxiile, bviirocliloric a<a<l and chloruie. All these sulistauce* nitiat 
ca.Mily have been ob.Hervcfl. (Other substances which were formed but whicli 
prtibably eseiqwd detection are nitric oxide, nitnigeii and ii it rosy I chloride.) 
Otlier jjhciiomeiia w liLcIi must Jiave Jieeii iioticeil are the formation of hydrogen 
by the action of dilute acids tin inetak, and the formation of hydrogen sulphide 
by I he actitm of dilme acids on sulphtiles, 

(.!el>er knew that aqua regia will dissolve gold, and alsti the pre]iaratitin ot 
concentrated acetic acid hy distilling verdigits or vinegar. .\ riuinlier of new 
substHuces could be lueparetl by means of acids, e.g. silver nitrate, silver 
sulphate, gtiUI chloride, Icatl acetate, and the chlorides and sulphates of mercury. 
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Silver t'liloride must have been known to tho ancients, ns tiiey ^cjtarated goltl 
frcjni silver by a cementation prowjKs. 

mention shonitl uUo be made of tiiniiionui. siibamtnuiuiie, miercMSismic salt 
(from urine), the [jiefianitioii of caustic lyes from sofla ond jiutoslt (tims even 
in the time of C’liarleiiiagne soap-boiliug wna an inrle;)eiideiit trade), liver 
Kulijluir, milk of sulphur preeijiitatetl by acids, the sejjiiiration of gold and silver 
from copper, tin and lead by cii |iellatioii (iut in antic|uity}, and the meovery 
of tnereury from anuilgams by distlllatiuiK 

A study of tellers works gives the deHnite impression that he was n nifin 
of Hirff jtmrltatl and that his writings tire nttt a mere re [petition of 

the work of others, but deal witii facts of his own ex|]enenee. The uwk- oj 
G’eber demoimtrates clear!if the rMComc?«e,j« of the slatetittMt dial no er/ifroiieHM( 
tivrk iras done in Ihe Mitidtr Ages^ All JiLs writings (leal with experiments. VVe 
maj' go so far as tosjiy ihiit it wmilii bcetf hiterest, oven to-day. to rejKatsomc 
of the ex|K^rimcnts described by ficlier. 11 Ls ciuite possible that new dis¬ 
coveries might Ite marie by ming metiicKis very diJTerciit from nuxlem ones. 
It should ahio be notetl that fSeber kueu that calcined (i.e. oxidised) learl, tin 
and mercury could lie rectaiverted to metal, i.e. nerluced. He also mentions 
tile change of weight in these jirucesses.* 

Of t lie notalile Western scholam of the thirteenth century whtise names are 
known, by far the most imjKirtant is the truly gieat Alhertue Afafftme () (flS- 
12114, .Albert von Bollstridt. J,.auingen), He collected and exfjoiinded chemical 
lore, esfier iitlli' in his Iwok Of Mineratihius. Although he can hardly be termed 
a ehomical disrorerer, Jie knew n great deal alioiit the subject, and certainly also 
carried out exjieriments- Ho knew of the separation of gold and silver bv nieaiLs 
of Jiitric acid, and fouiitl that all metals (iron, cupper, lead, tin, mcreurv, silver) 
except gold would combine with sulphur, 

AlherUis tested saltpetre fur the presseiico of jaitash hy adding vinegar anti 
uhserving whether effen cficence took iilace. (Saltpetre from dung heaps con¬ 
sists largely of calduui nitrate and had first to lie “ broken," i.e. the lime was 
precipitated by adding fioUish solution and then filterei) off. 

Snell work b obviously evidence of much practical knowledge. The same 
upplic« to the English Franeieeaii Itoger Bacon (1217 (!) to I2!t4j, thongh he 
was more a physicist and a teehnieian than a ciieinist. He knew mixtures 
resembling gunpowder, 

\Vc thus Clinic to an event of w orld-wide im|K)rt!iiiee, the rfiVfiynwi/ o/yrtw- 

pou'df:r. 


Tile recugivition or disixivery of snitiietre [eti on the one ImnrI to the 
discovery of nitric acid, and on the other hand to ohser^'ations of//je properties 
of niiJrtares of miljietre trilk rombnitdiile subifltiiieeii. 

Saltiiclre aptx-arn to fiave Iwen first recugjiiswl in China. Explosives 
Lontaining saltpetre are not however meiilitmed until the mirldleoftho twclftli 

* I'ViUdt-H found tlial ilKy hiftuB' of uncIrrHimi. by nu-tnlKon uxulatioi, wtif'liiam.Nl 

bj- (..unnul Von (tS-jM) fur tb». mw uf Imd - lend usidn. ^lul bv »k von Sulxbarti ( USSU ftir 

i™i,n-ury -x,»,rc-urM. jisnlr. l j,«,y. b(ni.'v<T. iu, an n.nn.iaiript m 

prvlMtbly wroi»|:]y diiltyil. atid i±t ntt uaJ| y of tnU-r uH^ik ^ 
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century. The first luse of tnixtiircs reacmbliiig gunpowtier to liisehai^e rockets 
for iiiiiitttry ])ur]Kwc« fteeiim to have been iu A more detoLlefl iicctiuiit 

fbtea from )232, when iniicrultary were [impelled fruiiii Ijainboo 

eanes by charges of ]K>wder. 

An Anibie book on iireworks dating from still makes no mcjition of 
snltpctre. It wns finjl known to the Herskns [ns “Chinese salt ”) at the 
beginning of the tiiirtecnth ceiiturj'. Tlie oldest Mohmiiinedan writers to 



u 

rUtniiim Itj naltprtff tjf*. 

PiHurv InimuwJript of thr* (IftocaOi «^tury fwiti llin H-K. R<i.V»l Itn-wuiiV, Vimiija 


mention fialipctre arc Ibn Abl Csaibha (l203-l2fiW) and Ihii aLHaitilr {l lh7- 
1248J, uUliougb they know nutliing of its use for military purpiw^. Ihc 
former mentions its use in fmesiing inistures. mul the latter its value as a 
mediemo. On the other hand. aJ-Hasim aLRamni'ih (127,i-l2tJa}gives saltpetm 
as the basis of fireworks. He wiw ner|Uftintcd with its [ireparation from 
potash. He deserilws the preparation «f n.ckets (Chinwo arrows), crackere. 
squibs, and Bengal fire. He knew of [jerenssive and explosive cffeiita. biit be 
describes no flrpwrars. The same is true of Shams ilLdiii Miilmnimad m 

The Fire liook of Marcus Hmccus (1230) indicatsa a aimiUr knowledge. 





























32 PICTORIAL HLSTORY OF CHEMISTRY 

and the i^mo is tnie of Roger mul Ali^rtue Magnus, who wrote later 

than Mareui^. 

It appears that the idea of lining saltjietro to {lineharge sitoiieai I'ttjin a jKit 
or a mortar first oecinrecJ «/tirr 12fi0, Unfortunately, owhig to the laek of 
contemporary" ftource?^ it cannot Ik? Htated with certainty when and where tlie 



/iV-f on H funiorf^ for rnakin^ nitrir nckt, 

Ttit* riH?eivfr rontnifu Aam^ water and idlv4?r far rnnaving chlDtina. Frcpiii 4 rhCEiili'ail niunu- 
hotipl^ 1414 I41S, ta rcKuit Friislrjidi 1 van iJmniliailnir}.^ tHt'mion ^!jtliDikal 

MiisM'iiiin NnrnlH-irK> 

discovery ivjsw made. There is a traditioii (linst comTnitte<J to writing in the 
fourteentii itentury) that shootwas invmfeit m Frnihfmj iBreisyoa] hy Bi^ufher 
B^rthotft fhi Btaet. whose real name was Ccnistantjii Anklitzen. An explosion 
ill a inortar ift snppused to have HiiggeHtefl the invention. It seems certain that 
ths iniviiior itas a fJetmun^ and many facta iiiflicate Fmht/rg as the srstif of the 
f/isrciiw^. A Breisgaii manuzicript of the year 1371 states that shcKitjng was 
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gener?illy practised when Freibui^ cathednil was tjoinpleted {12WfiJ^ and in 
141tp Freiburg jiianijfaelutTed firearms for the larger towns iStr!issl>iirg anti 
ItalLiiiH Fteneh and even Hyrjintiiie describe giinpowtter as n 

Cjerniau discovery. The oklest reoij>e extant for making gnu powder dates 
from ISSih 

The innniint of saltpetre av'ailablc from nianiire heaps and latrinew was 
itiHiiflicient, uiid saltfictre plantAtionM had to he set up. They were First 
deacril>et! Iiy the artillerist Conrad Keywer (1398-1405), and flourished chiedy 
in tlie south of France. ^luch could i>c collected from iiiittiral sources, and a 
large amount aiiijears to have heen importeil fn:>m India. 

Some centuries after t he discovery of saltpetre in China, the same country 
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Left : in Ji turnmx rtilh beMowrt, usihI for sfubUnj^Ltioii or likEi Elalkni jw!t Eirficcnsiim. 

Jfpy^f: T\%roi* fijiHkjj in mt n iunm<.tK Frvni * rJunniinl niaibUJM'ripl. 

1414 - 1 -I Hit't.lk-ftlcHi to Caiait Erietl ri< 4 i I v<m Braiarte^nbu]^. NrtHurial Miywum, 


prorluced the first porrduin, probably in the eeventh ecutury. This involven 
a knowledge of the mw materiiils and the use of elutriation, nmultia and 
gin zing. Chinene poi-ffebin ('ould not he imitated until the seventeentli 
century in Jajian. and the eighteenth eeiitury in the Occident, ('hiiiese 
{Mircelaiii first reached Kurupe in the thirteenth century. The manufacture of 
[Ktttery also nourished in medite val Cinna and Korea. 

The Sitrnjtfan rfttimir. indimlr^ pfodmwl glazed pottery in Byzaiitiiini 
and in tlic iaUind of Majorca {majolica). Tin glazes and majolita ware were 
proilnced in Italy (Fnemta, Siena. Urbiiio, Castel Durante) in the fourteenth 
century and later, and were aometinies coloured yellovc, IjIle. green or block. 
A glaze rich in tin was used by liiieta dellc Robbia (Florence, Mm), alwr with 
red find jnirple tints, iiuhy red glaze was diacovered by tl. Audreoti in Florence 
(I4fi8). 

The fifteenth ecntnrj' suv the beginnings of the OerptaTi cemniic industry. 
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which reached ite zenith in the s^ixtcenth <?eritury (Cologne ^ Frechenp Xaseaii, 
Sicgburg) and in the ^venteenth century (Kreftik^n)* 

The Fe«€/m« yla^ industrif has flourished uinoe the thirteenth eentury^ 
Among other types of glaii^ they made filigree» aveiituiiiie and mottled 
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PU\TE 17 


1 arul J Circiiltktini; (iKiLicfuia) with om ukI twu tijbi^4t. 2 Bclfnwd funiid^ with ftiuk# 

m A auncl-baiih. 4 DlMnwiiun ve^l in h dunj^-bath with H iloiwcl tO|> to rctnjii tl«^ Ikiuid 
i-vapomtin^. 5 Ui^^^tion-furna^ with a i^iinilar Oil a trip<wi, ftjr liealirig wfih b Umm 

or H firp. Fitun a nmnLu^ iiplx I4l4 'l4lH, dpdli^tod to Cqunt Fhcdri^i 1 van 

Bmcdtinburg. Cffriimii XalloNh] MliW>Uiii, Xumboin^, 

while they used bumtdn colours for tinting and gilding, llie niamifaetupe 
of gliuM in (TenriAny also increased dnrlng this period. 

Tile manufutitiire of true jitairted ijiaaa (e.g. for windows) began in the 
tenth century with copper oxide shading in TegeniKce, RiieiniK and Limoges. 
The nee of silver jeltow for atained glaas has been known flim« the fourteenth 
century^ 
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MiiToi'6 With tin amalgam (ingluding itiid convex mirror?) have 

also been made singe the fourteenth genturyp 

We now cotne to the mdats in ihe MiddU The metal 

zinc \vm new, being first prepared pure m Persia in the sixteenth century : 


PLATE IS 


trji/p ikrw itnfttlOn fripvh. 

Fnifil a. qihirixiii'i^l , I 4 l 4 -’I^IS, dcilleat^ to Co^int Frtidmh I V4h Bmtidtitibiif^. 

.Vaiiuniil 

it wa^^ pruhably know^n in China earlier than in Europe. The metal biamuth 
wiis first used in Germany in the fifteenth centwri^ It appears to have been 
usefJ by the early printet? as a constituent of type metal. More important 
in thiB connection is antlniuny^ which ha« been used increaHingly since the 
ziiiddle of the fifteenth century. Cobalt and nickel ores were certainly know n 
in the fourteenth century : there is Venetian glass of this date coloured with 
cobalt. 


MeTALLL-ROICAL TECtlNigUR IN THE jMlDBLE AgES 

.■\fter the upJicaviils of racial migration, tlie Roman metal tndus^try in 
western Genuany ap[>ears to have gradually come into action again. 8orue of 
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MBdix-va] flilvTur iidnicij; uml airiiHtirj.^ uoritii at Klltlvnberg. 
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tlie plstc-^K iioiit'enied were Sleiertii^tk and Kamten in the eighth i-enturv ; 
Fmiiken in the tunth century; the Harz {Cru.^l]ir) and Amberg in the teiith 
century ; Seluvarzwald and cither districtci in the eleventh century ; Freilserg, 
llansfeld, Minden, SiegerJniid^ Salzburg, Kamten. Timl, Sleiermark in the 
twelfth (lentnry ; t-pper and I^iwer Kehleavig and the Erzgebirge in the 
tiiirteeiith century. Tlie hfteeiith century tlie beginning of tlie fainnufi 
Mlver of Schneeberg (147J) and Annaherg (149^], gtild mining in the 

Eiehtelgehirge and tin mining in Alteniieig, The tifteenth c-eiitury waa the 
zenith i>f the (^ernian metaliiu^ical indnatry* There waa^ topper am I silver 
mining in *rirn|; silver, cop]>eranci lead iniiiing in tlie Hai 7 ^; mercury mining in 
ldria( i4H7): andnumeroiiij other uiidertakiiiga which cannot be considered here, 
Tlie e-^traction of jrnii nlgo progre;?^^^! very greatly in the fifteenth centuryp 
Thus was pirlly connected with the use of water-power for prodiiciiiLg a blast 
in &meJfing. In this way tJie smelting fnniaces could be made much larger, 
often lip to eight metresp 

It WJL& nbo tKiAsible to make crude liquid iron feast itonl and to convert 
it hy mearts of a refining inrnacfe into cither wrought iron or steel. In tijieger- 
Jaiul and in A in berg all the direct proci^ furnaces had dusapisearetl hy loUth 
lieing repLac'ed hy reiiiiing rLirnaee«+ 

The production of brass also tmik place tm a very large scale in fifteentbi- 
century (ierman^". The expe^rt of brass articles from the [jower Hliine and 
from Xhmberg w as greater than t hat of any other country, ( fermam" w'as also 
the chief source of bronze even in the fifteenth t^^ntury. Tinplate vnun jiro- 
dufred from the fourteenth century onwarcLs, 

l*art of our iiifonnation about mediaeval inetallurg^v comes from the 
so-called FmnUfj Eook^ of the royal \^"ak1blJfg-\Voifegg family (l4&Uh Thk 
euntains inany excellent uietallurgifid illustrations. efi[)ecia!ly to do ivith 
eopjier. many niWhicIi are Isetter than the later pictures of Agricula, 'flic 
mikiiowii author was jtcciuamted viitli the culoiiring of fLaines by metals. He 
describes the prefjaratiun of caustic potash from p^itJish and lime, the manu¬ 
facture of a [urn. the luting of Hasks for prejiariug iiitrie acid, the testing of 
ores with stibnitCj the precipitation of gold anliiiiuiiy^ the preparation of 
salrpetre and guiqKiw der, and he gives the oldest kfiow^n picture of a refining 
furnace w ith an iron tap ami bellowa. 

in addition to those mentioned In connection with Cleber* the following 
substaiices were known in this jieriod : ammonium earboiiate. lead iiitniteH 
liieiv'iiry nitnde. white precipitate, zinc sulphate, jHitassiiim ncjetute^ iron 
aceUite. ammonium acetate ((filijerliis Anglic us, end of the thirteentli century), 
zinc acetate (Heber). Among minerals of interest, lluorspar ivait known, 
fiiacoiiio de ihiiidis (l^hH) desrrilies tiie pniflueTion of salts from uiineral 
waters. 

0 RO A NIC Sr UST.4 NC ES 

Among organic auhst^mcies. coruhtijstibiii jspirUa o/ ^riwe was ttie moat 
important. The prejatnition of spirits containing a Jiigh ^lercentage of alcohol 
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closely conneot^l witli the perfection of distillation appnmti.uE; in parti- 
eolar^ spirits could only be profitably made if water (XKjling wm tised. Cooling 
the delivery tiilie by means of a cooling jacket is shown in an apparatus of 
Job. Wenixl de veteri t^astroi vrhn prepared spirits from b€?er. However^ 
thb apparatus dates frnni the year 142lt when spirits of wine had been known 
for a long time. (W'e have stated above that spirits of wine were known to 
Rhazes. He may, however^ have l>een dealing with an alcoholic ferinentation 
product uf sugar.) They were probably dbeovered in Italy in the eleventh 
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fl/ ** JJnifried trt tUr Ajwiih<ci'J' AnF^bajin;^ 1303. Stotc an'hivcw, 

<«ntiiry. Vitalis de Fur no knew spirits of Lne^ and a distiilation apparatus 
is d^crilxKl by Thaddaas AlderetH (122S-lao3), Arnald of Villanova 
(thirt^dth <^ntuiy) knew similar liciuids (distilled wine, acqun di vita or 
Acqiia vite)^ Jt is obvious tliat the dbcnverj' of spirit 4 s %vou!d follow jdinost 
automatically from the discovery of an efiicient still. 

Of the rolmritiif wia/fers of the Middle Ages we may mention Ihitch pink^ 
gamb4>ge, catechu, ntyrobadan (the fruits of various slJccies of Tcmiinalia), 
carmine, re<l lac, litmus, red sandalwood, vaccinium l*cnics, saw-wurtt oak 
bark. It is, however, probable that most (If not all) of these had already liecn 
used by the ancients. 
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With the iiitrtjduotion of gootl dlstjhing nppflrattta it beta me possible to 
prcpiirc the ethereal oils from herba by Hteain-di^tUlaiion. T\m took jikce in 
the Moliaiiimedafi Orient and also in Stiiithern Eurojie, A largo number of 
aurh oils were knowni by the end of the fifteenth centurj% among which were 
probably the eaKeiitial oib of tlve following : rCKse, vdoiet, jasmine, water lilyt 
gilUilower. omnge bloesom. spike, hi vender, roiiemary, rue, hyKgKipt mint, 
pcnn3TOyaL savory, tli\"me, niarjoram, origanum^ camomile, tan^y^ juniper 
(wmxl and berries), cade, savin, birch, peppermint, spearjuint, wormwood. 
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/VfVdfi j-w iVl'a jaAoj?* 

Ymm a Diodk\iriilrA manufirrijif. dft^r Mart in, 1222. 


sage, box^ rosewood, aniseecU carawayt fennel, dilk eeriander^ black caraw aj, 
jairsiley+ ealamus, valorian, aiigelicat idtitiainoni clove, nince. nutmeg, cardamom, 
bay, pepper, zodoair\% orange [>eel mid lemon f)eel. Camphor wilh ako men- 
tiuned. Besides the essential oils, the process of riteaiinlistillation prodiit'eii 
scented water, w hich w’fis also usetL 

Tlie best information as to the fiiedkine^ of the Mohammedan elvilisation 
la jjrcjvkiefl by the work of the Petsiait Aftimn [Abu ^latisur Mowaffaq lien 
All al Harawi) in the tenth century. He mentions about five hundred remedies, 
mostly vegetable but mnw of animal origin. It is impossible to enumerate 
them here. Avicenna’s writlngH meiilion a similar number of medicines. 
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Most of theine known to Dioeknrides and Giileniis. btit tlier? are aoino 
additions, particularly of drugs from PerwLi, India and Cluna, The mithri- 



ciOT qn E li 4iicnd' t q ccni^t.?,Jimrf. -'r' 

T ipTiiriiiff. t.4inii^^ taor ttngrt'jaot^i^Lir^q 

' Mour m, c ^rgn ubV4' til. ai ftilf njohti i. 


PLa^TK 

irArmp^ V 4fiityp^. ernfiir^^ or tiui o/ /A# frpkfr^rj^. 

Prom Tui-iiijiiiiii iLmitJitiKi/* Vk-nnn Knyal Mus^iim. 

date deftcrilied by Avicenna consists of fifty-seven ingredients, and Iiia 
theriac of eixty-three. There is also a list of remerlies puriiorting to be due to 
one Scrapion the youngor. This is. himever, aLmnfit certainly not the ease. 
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and they }irc>Iwbly reiiresent a work of the twelfth or thirteenth 

L'entury. 

The best of the Mohanmieclati )>)mrnmcisti» wn» prolmbly J bii aI-Bttlt4r from 
SjiAin (AbQ Muhammad *Abd Atlali b. Abmarl Diy5 ' abDin Jbii abBaitar a I 
Malaki), died 1248. This work is entitled A Jfiutnmarjf of the Properfiee of 
toell-hwAPtt iSimple MedmneM awl Food/i, and defends to a great extent on 
Hrst-hand knowledge rather than biatk learning. He mentions about fourteen 
hundred drugs, including about two hutidr^ vegetable preixtrations not 
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L'heiniift'* fhttp, ilfitf u fi/urt€enth-ffnluiy A nVrnnfi 
UriwriHily LibrnTj', 


previously rc[Jortetl. It is not certain hftw far he may have taken some of his 
material from the l^pniiish dwtor Ahmed al Ghafiqi.^ 

A curious case is that of the su-talled MtJiue the younger. It is probable 
that no such [JcrKon ever existed, anci that bis name cuntenLi one or more 
twelfth-century Italian dtH-tons from Bologna or Padua. The .dfi/ifloranam 
and two tJlher writings heating his name were of considerable importance up 
to 1«00. 

.A review- of niedioal knowletlge in inedisevnl EurojJe is provided in the 
following works by italian authors: Prorlica BrevU by Johanilee Platearim 
(ca. IhoO}, the AntidtiMrium by Xicolatta Fmposiius ica. 1140),* and De 


* These dwtora krtpw varLouN fomis fop aduiiiiiBtcrinj; ilmpH. t-K- t'ill*. cftlMliC'd 

dnigv 4nd inrHitc>iiiAl iVru|>ii. 

■ ACT’cjftling t* HuJIiiifT, IhiH work ib bAiHTif on old^r 
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ShitjAki Mrdkijm or Circa inskin^ by Ptaiearivs {nliout I HO), 

The so-eftileci Atphita. ]kiJr[Hurting to tJte u'ork of one Maroncio (tliirtoontti 
century), cootuin^ a li^it of no fewer than six hiijirlre<l ami forty-ftve drngs* 
whieh we cannot roprfKiiife here* It givers a generul survey of the nierJidries 
(simpUeia) of the MiHtlle Ages. 

The first real phannacopmti in the lULKleni sense (i.e. distingnLulling 



^kithK- painlin^ tr&ru Ow^ ]jifMjgri«> aljnut J 4 UfJ. 


1i£twL-en Ihe fimcHuiis of the pharniiiciit and thouw of the <l0otor} is tiie Com- 
iiendintn urumatarhrnm of Satadin of Aefoli, written about UnO. 

Tiic W»Ve/f«no Fiorenfino k lhe_/jV^f oJJTfw/ 2}harntacopo'iti, introcldted in 
Florenoe in 14»8. It served as a nnalel for tiie later German iihannacopoeiaB. 
The senmd offieial pharmaeopoek api>eared in Spain in liijji). 

Tiiese books ntitu«ilJy do not eoufain any new eiicnueai diucovGries, Imt 
they contain a great deal of chemical infuriiiation. 

In eonncction with those pharmaeopceiaa it k convenient to consider 
here some of tlie iiftarmuetuticfil and chetiiictti expre« 3 itms whieli were used in 














CHEMISTRY tX THE MIDDLE ALES 


43 



1*LATK 15 


Tith */ IBftT fifttian of the l^trettano I^fotvntmo, 

TJii# id tho oMf'At oftk-artl f^tbiririii(^>|.ii:i^lEi, aflJ JifNi m Ni+S. The *lx>w plflli-ia« 

mn^LBi^Qt Axuiiipk' of weirk of tlw* linlinii RctuiiNwftrioe. Ui’Ewi'^'Th nsoctAT aiMl 
didlillut jon iipjmratLU hy E-lK'Tub»j like cd the Aknlkd nitli thi- dpx 


bookn of the \richlle Age* anil of HUdccecliiLg ceritiirla^^ Iji i^jme causes right up 
to the pr^i^jit day. of them are of ^misid^srabte cheiviiCid inhre^t. It 

not im|M>rtant in this r-oiuieetion tliat mmw forma anrl expressioii^i did not 
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apji^r until the sixteenth centurj^ and that there are variAtions in their use 
at difTerent tlruea. It wuuld l>e dillicuilt to establish this with certainty^ 

-4f/jnc ai’O distillates from drugs covered with w ater. I f wine was 

need in place of water. Spirits was obtained ; if only one drug was need it was 
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Preparfih'on oj thtnfjk fibo^d hf JSrrinjcA 

TJw^ mw inHl^^rialiH wi^tv extilhit^^l, anU ttfei-rink wjw pivpnrMl pMiin4U> in jinwiMitM;' of il\c 
ihxU<ir, TIh" ihp nidwt inkjXHiianL ihirmliir^iiI h nattip fram 

VimiiTi, 

ternied Sptriiui!^ wiiile llie distillate from several dnigs was Spintii4 

romjmifUn4^ 

Ejiractit are extracts of <inigs with water or wine, while and 

Ihcocfa were itifusioiLs aiifi deccictlons with water. 

Extracts made with spiritH were nLso called iindurr^. 

Acda are extracts of drugs with vinegarn and distillations with vinegar 
were also known^ 
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Solntiones referretl almtiwt exclof^tvely to solutions of inorgniiic tiiibstrincec? 
hi vinegar or other neitb. 

Eiixira are spirituous extracts ivitli the iidditiuii of sugEtr or syi □]». If 
ethereal oib were also added, they were termeti Essentia. 

Sales sotnhiles are salts 
prejjam;! by evapomtiiig 
doii ti solutions, and are 
hence chiitrty inoi'gainc. 

Sales ealafiles are suh- 
liinates obtJimeil by dry 
distillation^ 

Salts vpfjttabiies 
inciiierationein) are salts 
obtained hy inci ncrati ng 
[>lants, extiacting the ashes 
and crystallising^ 

Salts tssfn!tliales are 
salts crystal I Lsed from 
expressed plant juices. 

Sited tif/uidi are ex¬ 
pressed plant juices, 

Siitci inspissati are the 
sa me j uieea tra ted 

by evajiuration. 

Roll are coiic'entratcd 
expressed fruit juices. 

Spirit iis jftr retoriam 
tJkifi and Otm per rfioriam 
or /«r deseensfivt are litiidds 
obtained by drj' diatilla- 
tiu II (d est rut. live d isti I In- 
tioii). 

Oka ea: mineraliints are 
iuoi-ganie substances of an 
oily nature prepared by 
Del iquium (deliq uescence), 
solution or distillation (e.g, 
oil of vitriol). 

Ma^isltriu are ]ire- i lau. 
cipitate^ from fi<»hitions of 

inorganic substances (inetallic mincralH) or resin.^. 

Otea desfillata aroma lira was the term usetl for etliereal oiLs. 

Balsams are fats containing one or niore ethereal oils. 

EliEe^cehara are sugars containing ethereal oils, 

Sjprups are sugar solutions w itii Juices or infusions. 
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HiTprUjiH StuiiUifan/' .4ii|^bkior. Elnfi:£L 
XI u^l^tjuat in in btu^l^irvund by tiue 
with a morlnr. 
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Juhps ftre syrups made up witli Aquis destiliatiif, 

Md is honey containing drugs, 

Ojipnd honey and vinegar with drugs. 

O^atitckur^ were made by extracting vegetable matter with vinegar or 
other acid and thiekening sugar. 

Fulptv are fniit pulps boile<l with or Tvithuut t5ugar. TJie one |jre[Mired 
fn>m quinces was tilled Hiadtoijiiini. 

Potif^ are fipiced and sweetened wines. 

There w ere also tlie Oonfeclionea, e.g. l^Jk^ctuarm and Ijokoeh, i.e. jam-like 
syrups containing drugs; Comen^<^ (Pulvereii or Sjjeelejf rum saeeharo}; ^Hd 
meclidnea^ such a:? M^r^uli (reetanguiar), Tabuh^ (square), Roiiindm (spherical), 
TrochtACi [lo3tenge-siia|red), and Candita (candied fruits). 

Finally, tliere w^ere also FUlulep. (pills), Empiuj^fm [plasters), Cerota (pow¬ 
dered dnigs with wax or fnt), UTigu^n. (ointments)j Caiujda^m^a (eoinprewses), 
et^?. 

It miiKt not be forgotten that two of the 7nost imporfani huimn 
go riglit back to the >[ld(1le Ag)es. came to Arabia from Abyssinia at 

the beginning of tiie tifteeiitli c.‘enturyj but did not reach Europe until the 
seventeenth centur 3 % 

Tea was knowir in Cliiua in the fourth century a.d., and was in genend 
use after the seventh century* It reaehetl Europe (as a drug) in 1610. 

The b^4r of the Jliddle Ages w^as made ^vith hop^ as a flavouring. It is not 
clear which nation was the flrst to use hops^ aiui all statements w hich have 
been made cm the subject are Hpeuuktiotis without any foundation. It ia, 
how^ever, a fact that King Pipin had a hop garden, and such gardens existed ul 
Freising in the ninth c^entury. 

The mona5?teries of the early Middle Ages appear to have brewed their i> 0 cr 
more from oats tiian from barky. We do not know wdiat the first of these 
tasted like. 

The best media?val beer seems to have been brewed in nortlicrn (Jernianyt 
lairticularly in lower Saxony tEinbec.^k)H Strong beers (sometimes spiced) w ere 
abo known (Brauiu^chwdger Mumnie, 141*2)^ aiid beer from wheat w^as in u^e 
in the later Middle Ages. 


Chemical Appliances 

The apparatus of the Middle Agea descended directly from that of 
antiquity. Distillation waa lymally carried out in apparatus with stilldieaik 
(alembic.^). Arabic pictures ?hoW' whole galleries of retorts, e,g. for distilling 
attar of roses. 

Rhaze^ iRazea) knew' large and small fiimaces, crucibles fcjr fusion, dasks, 
stitbheada, apparatus for distillation dej^cen^im, receivers, ebeed flasks for 
digestion, aludels (singly and in series) for suhlimatioiL phials, hea.ker», morUrs, 
bellows, water-baths atid ash-baths. ITiis, however, hanlly represeiitw any 
advance on the apparatus of the Alexandriana. 
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The Laim Giber knew fusion, crvH^tJillissfttion, lieating in a^h-batlis^, sand- 
baths and diing-batlis ; niudels for sublinmtJon^ filtration [through l>ags)^ 
De^iitaiuf /Mrjiltruni the use of picceft of fabrip to siphun gf! liquid^ thuK 
purifjnng k)^ ctigeBtion ves^&cls, vesseL for ealcining motaL^, De^Hthfio jwr 



PLATE 

itppamiwt rrilh u raiwUj^jptr pr^iHtinrj npfJMrd*. 

Wch&dcul from tin? b<K9k ** Ljber dr aitr ik^tUUiirwIi,'^ by H luranoEkUii HnjtiMdiwvk, Slraju- 

Th^f Hc^iluinn i# ffU]ij:k<krted to bo hallow anrl ai|od nith wntor. Diik i* iiinbabEv A ilfKiKii 
whicb ^'Dui novor n^^luaEly I'-arriofl viit ia 

flescensHm^ and distiJktJon ve^^ls (nJcmbicsJl of glass and earthenware. 

Hia manuscripts are sonietinias apeonipanied by ilkoftmtioiii^, in ivhioh 
we can recogniae alembics on furnaces, sublimation vessels {aludeD witli a 
testing rod), for distilJation per de^er^^tim, arrangements for fJecanta’ 

tion^ i^ldining vessels with spatuhe, calcining fumneen, apparatus for mercrury 
calcination, digestion apparatus wdtJi sand- and ash - baths. 
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PLiiTE ill 
AichrmtJti^M ^hfiralor^^ 

Frorn Pulrafka, TrOHi^lilci^^l. “of tlK> gmil foTIl^" of t}M? HiiniH 

A]eh«>inuii’jf irOrkin^jop, Ai'Miit 
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Di^Uoii&Fi UppnrntN# -(/c r^renJ 

Pf«j>aratiQn of spirits of wine from bc^ir. P£Obo>Uy thv oldest llluAtt'utloik of wtttrr ijogliriii 
wdiL A wai^r-jo^^bi^l. Fkimriev with Ab-Iiabk', jank^t, 
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Froin 41 tEfeeH:liEi>V4il fr^wo. Pn>hfthly iUitHtraEiDo of n fftiJl. 
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“ ii<ead " apparnif** -/f lirHnMhVf^kt *Mr*f ISM). 

Tlie Blill-hi^d W fR-rci siiiTinmU*^ i-oj!apl«^t^Iy by tlin? c<ioliflg wator^ mid not foa wm iMUfd) 

]i^Ft ujK’nwfwl at tfjp. 

Tlie illustmtiom udd^l to tUe later printed ecUtioiii? of Geber express the 
spirit of the si.xtWitth eentxirss 


t4IX, 
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l>nn»'ings in luiotiier Paminaini:;cript from iibovit 1 Soilahaw giinilarammge- 
itietitsj; ijubliiuatioit apparatus for sal-aminctninc, nierciiry com]xiutida aiid 
arsenic; apparatus for dUtillntion pe.r dtnetitsuBt ; aleinbica * solutiou vei^i'elR 
in Ti'ater-baths. 

The introduction of ii delivertf tube coo/pf htj a lettier ^ket u'as certainly 
the mm important adittace in chemical apparatus. It jirobibly bcloiigH to the 
fourteenth cejitiny. 

An a]>pamtus deacriberl by Albini dc Mcnte Calerio in tlie fourtcentii 
century shows an arrangenient for fTacthtmiiwj tiio distillate (without water 
cooling). 

A medheval Italian multiple distillation apparatus is litted with laree 
still-heads. 

Hieronyniu.'j Rmnschwyk (Brunsrig, Brunsehaygk} in his distillation 
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Filimlhn ^ fr^if ISO^. 

ixwk of 1300 shews a tall cooling coinnm, serving two disttJIation apparatuses, 
from which the cooling water couJd be emptied. This arrangement does not 
occur anywJiere else, and is probably only an ingenious suggestion . 

TJie “ Jfoor’* f/md " eoalimj arravgetnent and the digestion vessels called 
pelicans probably i»oth belong to the fifteenth century, as they are described 
by BruniK'hwyk. He was not, however, their inventor, but nierely gave an 
account of them. The alchemist in Sclwistian Bnind's "Ship of FooLi " 
(14d4) used retorts of the modem shape. 

Continuously hiiming furnaces with a tower for fUliiig in fuel were need a 
great deid in tiie sixtectith century and probably also in the fifteenth fcf. 
Bmiischwyk, I.IW). ’ ' ' 

A picture of an alchemist’s laboratory in the iifteentli century' shoa^ many 
of the small applmniw used in a mctaUurgical bboiatory, eg. smelting 
funmecs with liellow^ and poker, trueibies of aJ] size-s, crucible tojigH, eupelii, 
anvil and harumer, fil^, pliers, spatuke, measures, gravers, chfeeb. gimletei 
oq|& of all kmda. glass J^tilJ'hcada, iij] used in nietallurgital operations. 
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A t«xt'boi>k devoted direetly to the distilktion of ispiritii was first prepared 
by Michael Ruff (of Schriok) in the year IJ-TI, 

The mortars io mediteval times- and by the anrients were made of 
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Coniitiwtrwtiif bunviit^ tiijfiiUniion icfth fnwir for ufi wiih JmL 

lirutiifrMiyk, a^ui 1500 , 

gruiiLte. s£LJKLHt.oiie, niaj^ble, serpeiitinet agate, bremr^?, brassp inm^ earthenware 
and woixl. PorceJaiJi murtarH were firn^t niBcle in the elgliteentb century* 


Theorctical Ideab 

xMediseval die mists, e.g* Gei»eft aiy^umefi the eJcistcntJe of two elements 
besides tliose of Aristotle, namely : 

SulphiTj the principle of combustion. 

J/irrCfiryi the principle of volatility and metallic character. La tor there 
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alsu titc idea of h ftre-re^^bting and iniximbui«t{bEo (but aolnble) prineiple 
termer I jfttl or earth. 

It is dear tliiat tbiy point of view reganis the metalrt m being ctjmixj&ite, 
Sincje most of them can lie burnt fealeitied), they must otmtain tlie elenicnt 
aulphiir, while their metallic character is attributed to the element mercam^. 



VLATli sa 

TitU jr«i^ ihw ptimphifi " Vrin ifr^ tl Puff. *»hriirt\ J474. 

Evrtff irj^-boQi; 

(DistilLation wllli atembjV,) 

llie volatility of the metals (e.g. merciir>% iinc, antimony, arsenic) was also 
known. 

It is not. Jjowevef, altiigethor eorrett to (iesiuribe the MifkLlti Ages as the 
alelieinwtk- age of olieinistry, siace these ideas Hemrished ninth more in the 
8uc«!«Utig age. The aleheiuislie staiidppint is not clinraeteriatic of the 
iJiflfllc Ages, whu li tiiLgljt better he described as n tainiiniacida»d a<je. 

The (Minccpt of eleiiients hehl by the chemists of this period is by no iiieaiL<i 
as ai>surd ns is often siipjiosetl. Tims the S[M;cia] charactemties of inetnls 
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must, in fact, have a common euniie, wKleli ia present in nil metak and may !» 
given the name of tiieteniy. 

The cojieept of the idement aiilphui' is the same na the Inter, more liieid 
phlogiston tJieorj-, This theory was held by such unusually Tviae men as 
Sciieeie and Cavendiah, It is certainly not veiy absurd, anri It servetl a useful 
}nirptise in its time. It is quite imreasoiiable to despise thecssentinlly pmctical 
niedueval cheiniste on account of their theoretical ideas. 



PLATI£ 3*1 

fr^m ih* oj Girmyaccio, 15J*J. 

(Dulkllat ion willk alRmhir^ aikii $ElllJ-]b:^ajili9.]l 


THE SIXTEENTH CENTURY AND THE FIRST 1L4LF OF 
THE SE\*ENTEEXTH CENTURY 

This perkKi is not t^harAeterised by jiny gretit developments in cliemkitry* 
Jt was occupied chiefly viith extending the iiiipFovements of the Middle Ages^ 
though there were some discoveries of new' prefMiratians and appliances, and 
progreas was made in reaching a better undei^atanding of the prr.Jcesses taking 
place. This m in particular true of 

ThLi age has often been charaeterL^fl as the age of iat to- chemistrvt hut 
this ts by no means justificfL The ba?ie for auch a characterisation is to be 
found in the work of the doctor Thmphm^m Brnn^k^^i rw Hokenheim, otherwise 
knoivn as Parac^kmt 1493*-IoUL Like other ductors of his tiiuCr 
Hohenheiin had eousiderabie knoudedge of chemical matters. Between 1510 
and 1520 he w-orked in the lahoratoiy' of the important Schw a^ser mines (Tirol). 
He transferred the eheailcal Idetui thus acquired to the functions of the human 
body, though (as we should express it to day) in a vitalLstic and not a materia¬ 
listic senee. It \va« no [>art of Hohenheim'a ideas to exjilaiii vital processes as 
purely ehemicul in naturcv If the term iatro-chemical age is to l>e uAcd 
at all, it actually applies best to the second half of the nineteenth century* 
The introcluction of minerpib and chemicals into niedieiiie li-egan long l>efom 
the time of Hohenheim. Thu^i Roger Bacon wrote quite clearly of the medical 
problems of chemistry* The extendeej nae of chemicals* in me<llcine developed 
vcr>' slowly, in spite of the activity of Paracebiis. Very little w'aa known of 
pure organic subatances (w hich are b^st adapted to the human organism), and 
the attempt to extend tJie use of inorganic preparations from external to 
internal application met with little 3 uet?e 5 ?s. Probably not more than a dozen 
of the inorganic substances know ii at that time are internally in medieine 
tonday. It w ill easily l>e understood tJiat the ex^ierts of tho^e days op[M}?icd 
iatrti-chcniistry, in spite of the efforts of Paracekiis, 

SI 
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HuhctiJiciiti ia HUpposecI Uy have ustwl tJie foilowing prejiamtiunij incfticiii- 
ally : gold chloride, sUver riitmte, t he tiitrates and chlorides of iron, copper, 
tin and lead ; staiinie acid, mercuric chloride, mercuric anunonium chloride 

EFFIGIES PHILIPPI 

THEOPHRASTI AB HO 

HENHEIM: iETATlS SU jE- XLVIL 



PHI LIP PUS 

THEOPHRASTUS 

BOMBAST 

PUYTK ;i7 

tVoodncut of HoliH^nlibPNn, known tt^ krorn 14U3 at Kiiiieie^tn^ 

dinl l-'54l dL Tliu wi:}0<l^ut talu‘n from Clnirur|L;ilieilf>fl Btirbcm tSci^vnften 

^ t ^ on diirch Joh. HiuK'nillk/' ^tnuiHbijrp?+ nrkrl Li printed tlip I'tit by 

Tob. Stimmti- i h la tfciua n mirror itnOgi.' of the u-rjU-tnown ak^ttib by AiiRuatui Hirscb%io^L 

(alembroth)^ ’bafiU' merenrous sulphate (Turpelhutn minerale), the sulphates 
of iron and copper, various antinion_v prepamtions sacli as the trichloride and 
oxychloride {algaroth)^ arsenic acid, coUoidal gold and silver. 

These preparations M ere not dL^overed by Hohenheim^ but M^erc available 
oM'ing to the flonrbhitLg metallurgical technique of the period. It ntay lie 
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notcr) tliat he Used l^liny’s test (with tincture of gall-nuts^) for detecting iron 
in mineral waU=‘ns. 

To confirm the statement that the aisleenth eentiiry waa not aetuuUy a 
period of iatroHL-hemistry, the following facts niay be quoted. If we examine 
the phArmac!opcciaK of the sixteenth cejitury+ Cvg, the excellent Cologne 
phannacopu+La of we find altogether only about two do7ren inorgaiiie 







age. and 
Avere ntU 
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^fantlJiIc^t^n af mUp^lr^ : Xffam# l57i\ ^o/^pcfre pUmiftiion. 

A Htit eiinUiiiiDSf the iyv VMji. U Hut rahtninmjr C Hip M v-oiitlnm 

w iiith die BBtrptitre. i* tcimpcd^ t> Wued, K AV'crkmnii off tlir 

remedies. Similarly, the inventory' of the ehenibCs shop at Udberg 

about twonty-eiglit ehemieni remedies, ant) it alioiild fie reiiietiilwred 
tliat tliis is a true inventory of pruduets in actiiiil use, unlike the older ijliarriiu- 
copoeias. In fat^e of such facte, it is misleading to sficak of an iatro-diemical 
kI it can only be aMsiiuicd that earlier writers on the liistorv of cheniLstry 
jffidcntly acquauitwl with [>hanii neology. If it is willed to have ii 
name to describe this period, it would be mote correct to describe the 
nwl 4iijitentfi Cfnlttfiett (ogttltfir as a mutathiryicat-chemical periixl. From a 
chmieal point of view the true greatness of the period lies in this direction. 
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and not In the work of Paracelsus. The attempt to magnify the chcmiral 
adiievcnients of l^aracelsus appears agam iii Lieben’s of Pk^^iotogical 

where he is described as the father of physiological chemistry.” 
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^hmujuriitrs of miUpeift: Loianu Erck^r, 1S7-I. 

KJ?i artd 

A TIhl^ 3>'v whir:>i tlw iMwih idi uslnirtircl- M TIu? pipm t1mji^k|^h wlsii-li l\m n’ut^r flow*. 

C Ttfco j^terH ihloili^ which iKyp lye flowit into Uw‘ Atnmgc tank. D Tlao tneikii in whirh 

tjw^ Ivf w colljected. E Snu^ll vatn* from which iJw runs into ifcio boiler, V Tlw furriACC- 
tl Tllt^ hoik?r_ H Iron door for witli wood, J TIm- flue, K The hIihih? of the 

L inm larat ir^f. 


Thlii i» (ili^o niiKleuclitig, as the name is much more deservedly applied to the 
great pliyKii'iaofi of antiquity. 

The iatro-clienuBte of mudem tunets have attempted to claim thin jijreat 
eccentric as one of t heniKelves, but this is unjustifiable, as he milh tut materialist, 
Melalt»r^ical ch^mUtnj is descrilied hi a laige number of ivritiiiga. There 
is a series ut'small books on mining, testing ami metalwork. A book of tests 
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from 1^18 lit n siimniiirj’' of'the chemistry of tlic pcriuci. ft describes 

tfic testing of gold and silver by means of touclii iteedlfes, a iiiethorl ivhich 
oecui>j from ancient timcfi right up to the present day. There were Kixtceii 
neeilles for silv'cr (J-lft loths) alloyed with ei>p[>er, twcnty-foiir needlei for goM 
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MnHufacturt of mUptln 1 Ijozarv* Ercitr. |.”4. 

A Tnll ftrtfTW viif in t*-hirh rifw boiliiic; Ikimtl coob. It Tih^ fiiniu^^ fn wlnVIi tJii- biiilr>r«ildUkcL< 
C The knoetcr, vriw l)oil* tlio liquki, n:-inikvc^ th-: Mt]l witli u ladle, mul it on tlu? ma^'nbk^ 

^jralinjj nfl tlirtl tlM? cit atronjij \yv rtln« bark inU* thi!. bwik-r. U Tht^ movable iiTftlLnir 

L fcSriuiU vuts from wbnb ntroni^ lyo nin* JnLo |lie beikr. F in wliii^h 

Mltpetrc^ izTyBta\\i}m out. Cl Fotir vvBs^k Irl intfk the gmiutrl, in which entfift 
^i^parafcM out. H vnt m which the tyfr dniirutt off the ^ 


(1-24 carats) also idkiyed Avith i-opiicr, the black touchstone (slate or basalt) 
anfi nitric acifl for testing gold, TJierc were also analytical weights for golc] 
(mark, 24 cjimts. 12 grains) and for silver (mark, 12 bths). 

It gives alsu the testing of gold and silver by heating with lead, cupellatioij 
(practise*.! in antiquity), appliant^js, such as assay furnaces, muffles, chimjIs of 
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aj+li or Uone-asb. Otlier jjrucie.wbs ruentioiJt^l are of ^vith irtiii 

filings and m\t, which reiiiovcH Biiljiiiur from ores containiiig ^^ulphur or arb^nic ; 
the ^^eJ^^l^aTio^ nf gohl and silver by nieanti of.^tibnitc (s^ilver biuljjhide forjiis a 
Ii(|ijid slag with antimony sulpliidc leaving gold antimonide, from which the 
latter can ]>e removed by burning to oxicle) ; the s<e[HLratioii of goUl arid silver 
by iiic«ins of nit He acid ; the separation of gold nnd copper by heating with 
snlphiir anti salt[>etrc (the iiiidphur being enclosed in wax to prevent it from 
1iur]]ing t<Mj soon); the recovery of silver from its s4>lution in iiitrlcr acid by 
inemia of salt, the 

aznritre. verrligris). Pl-ATK ta 

tlie JicpHl'iCtion of the ^[tIt^ufnHwn uj ^tthprirtt Ltiuiru/t AVier, 157-1. 

noble inetals from Tin t^^ier <)/ 

Crop tier and iriJln the a Tfcn' mm\[ ves.-il ir> whi^h a Bumplp rtK- Kmlliwrn" *'i\rih ia 
I - . ^ pxl piM.ai'd- n TIih? into whioh ihp IjX' nJlTMFr C Tlne^ 

CaLcmatlun Ot CO|HJCr u Tlie itlKV tests llw \yc, E TIjo ffiiJ, fin llie 

and tin. the ]Jre|iara- whU-h ilu- ^ jiluriMi in e siileII i\mh. F Tht? 

tion of solutions of 

alkalies, the preparatLon ofatil-ammoniac, etc. A ymall iKa}k pubiislicfl in 
describes tiie hardening and softciiing of steel, the prejairadon of inks and of 
fives, the removal of stains, and (for tlie first time) the prorlpcTion f>f mosaic 
gold (slaimie sulphide) from tin amalgam by the action oi su][}bur and wiL 
annuoniac. It also gives a recirte for the ao-cailed brick oil, i.e. oil distilled 
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considered further. We find the smelting of gold* silver, eopper, bud, tin and 
iron 0rP8 ; pre-treatment of the ore. i^haft. and rev^erberatory fiioiaces ; %vith 
s[}eeial detail the extraction of silver from its ores, the extraction of silver tind 
gold from copper* silver tefiiuiig, deacrijitjun of eupebp the re-conversion of 
oxidised lead into the nietnl and the extraction of any silver still pre^nt in it; 
the conversion of copper niatte into eopi>er, the production of wteeh and the 
priKluction of brass from calainme or tatty. Biriiiguccio deacrihea the produc¬ 
tion of mercury in the old cartlienware Hublimation p€>ts, and also in the newer 
conical distilling vessels with delivery tiil;}c^. He also ilescribes the use of the 
latter apparatus for obtaining siilpbiir, and the prodiielion of rrdl sulpiuir. He 
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it/ mtWnrrf : Ifiwin*fu€cw. 1 /^ 40 , 

fitOiMiJ with Htill-lhcwiU liu^'ing r dinniu'l for culfecrtin^ thr which tWn raiin 

cup tlinM^h the di?IOK!ry tube, Tfii* lowt'T jiart of th^ v&fSvh contiiiit^ |ni|\'eruioil irhiiiialjur 
with VAricmii 

treats 8tibnit«, pyrites, nnglcslre, h 1 unite, alum, oq>imeiit. realgar, iind tlie 
relation of the last t^ro to white arsenic. 

There folli™#: the technology' of rock salt and aea salt, muierul and 
v^etable soda, ami the prmluction of saltpetre and j^l-ammoniao {the latter 
also from iiritie). 

One chapter describea zaffre (eobalt ore) and the prodiirtion of smalt liy 
heating it with f|iiart?;, Smalt was Ui»ft| for coloiiring glass and potterv blue. 
Biringiiccio knew pyroliisitc and its use for decolorbing greenish or yelloa'ish 
glass, and also for produeing pijqilc colours in glass and pottery. He refers to 
magnetite, odire, hole, emery, borax and sahaninmniac. He appeam not to 
have distinguished properly between the last two, an error in which he was 
followed by Agricola, Other substances mentioned are lapia lar.uU, azurite, 
malachite, rock crystal and preciotia Htoness, 

There is a valuable account of glass, glass furnaces and glass manufacture 
in general, staining anrl decoration of ghuis, and glHaing c)f prittery. 



























SIXTEENTH AND FIRST HAf.F OF SEVENTEENTH CENTURY 

The setit ioit on tJie nnnly^iK of ores is es|)e(.<mHy ioi[>ort«iT]t from » dieniioiit 
point of view*. Blnnguticio sitnte.H (juitc rightly tliat the testing of ores is 
etjuivalent to carrying out the smelting process on a small scale, using an 
anal^'tical balance. This is a very sound statement, nitcl it is to be anahecl that 
our chemical students were taught methods of this kinti at an early stage : 
this would give them a better intnKlnctioii to industrial work than the 

Osr Scintiftn 3![)urn 

OiaJl«ban@fan B 

OerfurgaIcQtc erStn^Kru^C 
Dfirftrdftne^elm D 

Dsr b]tn()g,5^lm, mit 9c rn 
ober 3c^afiuzt«in,Martin Sas 
Wasstr9eg0^cn kann 
DferJlrhquicKer / 

Oar 9as puecKsljbar durcfis 
it9«r9ruckt 
OftseiscrnJ^ruQS unt«r 
Ibftil ^ 

tfinkdannsrBcutd zum 
Durcb^ruckan L 

Dgr dos (Bcldftir 9cm (BcHas 
zusammflnglabst ^ 

Pl,.^TK 17 

Pn^pamt iuit t;»f j^(d wit^i atovb?fl for rcKuiiiiik;^ Elip rrKrciir^' from 

Ijw'i imtiji w rtoHd nli'znbk' And ntv olppiibk' with ii€iJive?rv tkib«. Tbs infrrL’ury ia 

plirifirfl by of Lar^- ^nupItinF; fumnee *3 Eh ipclkrVrH for lTfe(^h4M|t ilowf> tHci 

jiokl. 

annlytion] nn^thocb commonly usmmtI nt jiresqnt^ wliirh bear no i^ktion to jicIuelI 
t^mehiiig (jrotresacs. Aniily^ia tbr gobl und rtilvet liarl (aciN:>rfiing tt* BirLagucciEO 
tf> l>e <?s:peeiiilly ntcurate. He recpiiimendji that ^namptc* of ore ab pun? at? 
fHxs.^ihle iihould first be fubetl Alone^ If this waa not founfl ptie^sible, additions 
were niackt e.g, marble, glass^ lead» hammer a^^ale, borax, fiiQltiwtre^ etc. 1'ho 
sample was next treatc^l with mercury and then with lead, folhiwed by gEi[jeila- 
tion in a etipel made of bnoe or horn osh. The ^miile of metal obtained w-aa 
weigho^b The most seiiKhive l}a1aiiee±i were even then kept in a protecting case 
(Hniit piot^ire in tlic Augsburg booklet on analysis (bllO); also in the w^orks of 


















u iwrORlAL HISTORV OF CHKMJ8TRY 

Agricola and Erckcr). The Imlnnc.'e^ etiuki \te cbLin[K;d and rcicaserl by ineaiiH of 
a lever. 

An im|Hjrtarit for the analyst is the j^epiTHtuiri c^f gold and esUver 

tin ft stjiiall scale by in cans of nitric acal In a tiask. Ririiiguecio deseribea how 
to recover the silver fromi stiliitioii- 

The sepanition of gold and silver on a large scale necessitates the iiianu' 


hUrinji-iiTtii .TwJfji#A itr/rr>wj p^riitx 

Ui { 141i 4 I TiilS). 

A I>i-ttiLliT>p n Rj-i’fiiVi>r. V Lit). Sini^ ruktii'e »ii||jiair iliNina um HM-Viir lJf!<nF»nny, 

It was pcvpannl liriAtirv^ mm pyrilfai. 

faoture of nitric acid. Biringiitvh> descrUics the coils truction of a furnace for 
nitric acid nmniitaeture* distilling dasks {which nniat l>e luted), dishes for 
ash- or sand-lMilha^ and the recovery^ of silver from the solution. He gives gocai 
hints which reveal him as a true jimetical expert. 

He also describes the sepanition of gold anti siK-cr by meaiLn of sulphur 
(also luiown to the aneients, e.g, Ttieoijhilus), and the separation using 
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antiiTiDny descril^ied in the Ho^tse Hook. FLiially he gives< the J4epftnition. by 
(^-eiiientaticvii with salt, on a ainall scale tti iirv furnace and nn a lat^e eealc 

hi a blast furnace. Among the alloys mentioned by Biringnccio ate tlnw of 



fLATE 4it 

h.itirir aeut ^ A’nrl‘eT+ 1574. 

AlliiLEK^r willi iliim|Ps.‘rM anil thnxi side Lnnjf witti alt'iriblC^ 

Smail turnni^ with tow’i-j' for fu£^llin|^ Ahd doablf iwidvur. funmec lii tlw Ib^fl-luMKl 

r.’ijmer. 


gold with silver and t^opper^ silver ’with cojijierT. ct>p]>er with tin, and lead with 
tin. (The sett ions on cTsstiTig are not of interei^t here.) 

An Jiccoimt is also given of the removal of gold frv>in gilded objects by hot 
mercurv, from which the gold could lie recovered after pressing through a 
leather hag. Also the solution of gold hi aqm rej^ia* and the recovery of gtild on 
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PRTORTAL HTf>T()RY {)F f'HEMiSTRV 


a Inrjse scale from sliidf;cs and stage by niiuilgaiiiatioin with nsercury in iiii 
amalgaiiiutioii mill, followed by recovery of the mcrenry by distillation. 

(Jtlier chapters tiescribe pottery, the manufacture of cniciltieR and dishes, 
ceramic ghutes from tin ami lead, lime Iniriiing, brick making, and linivliy 
pyroteelinics, includuig the pnidnction of saltpetre, gunpowder anti ^reworks, 
(The (section on guns is not of interest here.) 

liiringnceio'a work lias hoon ilealt wdth in some detail so as to give the 



PL/VTJi an 

Apparuiti*/T>r preparmf^ : Laiurm £rfl'fr, 10 : 4 . 

finruil] niliiir.er witli siiie ui:tl diKtiltiiisFA|JiMirulit.^ (utenibir, kIkm HtiH-twDL.l mid r^-riviiT}, 

reader a true idea of llie rhrtnkfjl teehtiftif^jy of Itir strleeiith crn/«rp/, and to 
remsive the widespread iiU]jn‘ssion that technical chemistrv is a subject of 
recent gnmtli. It w ill also sene to show that it is this siihjeet vililch is tnilv 
characteristic oi tile century, ami md the evaggemted use of a few chemical 
remindies for internal administration. 

Tlic tlerniaii i^f.unterpart t<i Biriiignccio'if svork is that ol the Saxon 
philolngist and physician, fVfory fiamr. also kiiosvn as Af/rirfJn. who out of bve 
for the subject alsi^i hecame an important ex|}ert on mining and smelting. 
Agricola was familiar w itii antifiiiily, ami probibly for that very reason wmno 
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t<i the present. ETen np to tlie present clay tiwrc is hi the Cierman 
tongue no general imok mi niiihiig imd smelting wliieli ean in any way coin[)4ire 
with Agricola's for general grasp and depiction of the subject. 

AgTi('<.tla stiKlied philosDpfiy. medicine anri science in Fadua and Bologna , 
wJiere he ohtaiiied a cioctor's degree. It is uf interest that he actecl as a proof¬ 
reader in tlie faiuuns priming works uf Aldu^ Maniitins in Venicei He wcttlHl 
down as n doctor in JoactiinistaL whieii was rigiit in tiie centre of new mining 



PLAl Ji Si 

Avni/ httiitnrf of ftiiZTtnfj* IniH, 

A Hiiltiin't- l)i-ujiv, forc'd, n ffiTuiU tw«'icra+ imiPiihEv V Tww'siiPW, 

K K 1 + nihiirm^. K Sumill JwMiiii <jH whii^h lln’ rhrvFhln 

L &.■«]*'-M KonTjjw, 

disc^pveriei^, aiui might almost be eonipsired with f nlifoniia in the niiictcfentli 
centtirv. »1oachiiiistal was founded in 1511^ as early as ITj^O wajri declared 
a free city L^latienberg 1521, t rottesgali I5:i2)A 

I’he mining town of Freiberg then had thirty tluiusaiu) iiihiiliitants. I For 
comparis^m it may lie noted that t'ologiie, then the largest town in tJemiany. 

^ i^onHT Sfiuivtt nulv ^ivh-ei ta iniiHitratr llii^ Sourishin^ of the- Onujiii nMannuruk-ut 

indui^try' in tho sljii^nlh ^ntuty. JJuflng tlk^ yvum dh- zwlnt workii ut AnnulH'n: 

ttEid prcidui'^1 tw^cnty-fuiir of J^ld. ostcifti^rtart r|Uimtiti<r 4 of pUi-cft 

jiiid nnil ArkEiniiifihrf^ in dn.* tlarx wn^ nt tlu'it wfiitH, ikiicj tin* lfEJr.j-feJii 

T*HHrk*j prtHiuf^l tw^Hity to thirty tlioii^^ul liuriilrHwriffht of ropiiior f»cr antmin, Jiin«?ldlTl- 
HUd prud 111*0111 in ooo y^iit 1:1,41^1+ fnarkpi of wi]^\r, Tho \i'orkj4 in Alpitir ilttfEriL-lH (Folkoti- 

Jitoin^ Kitzbiitip^ ItEorErtL BdHcntaJ, fjiiritom* UniirPn^ nbtii M tlio of tlirirjyrofl|K>riiy. 

Jdrio pnadiii*oiii nonuuliy tlirtK- to ftis hundrwlwni^^h I of tF>t:ifi'ury, U4*twflo-n uid ISCIti 

Tjunnunflx produi^ two litinilivti rttid s’k^vn thousand iiutHtirdvioinlhr inf ft* wpfl ah 

quantjltiH? of 2 ‘.mc^ ujid tin gnilu^ts nif afln'fiiny tluriTii^ thp fjoriniJ UiTT-iaOU nt* k'n* 

ihhtik n ktiiC'ty'Akx fhoiiAAod lkuikdfvclwoi|7hl oF Eth. 
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ns 

had thirty-aeveri Frankfurt ten thou^uid, and Annaljcrg twcl™ 

tlinujiiand.) In the annual mcialhirgical produeticHi Ln Oermany wika 

worth two million gold gulden, anti more than a hundred thoui^iitl men were 
employed. 

Agrieoln livetl in the niid^t of ail this activity anti w'os thus able to report a 



Pl-ATK 
Arvir^m Libna. 

Horn 1^0 m Hnllf'; liicjii iQttl at Kciibun^. 

KnjETavini' by Fuimitzcr. portrait co||(H-;tioa at tlvfi Xaikmal i^ibraty i>f Vii-fiiia. 

One of ihe TAOftt impartant %urieA of tiw' perii>d n AndreAif LibaLi (tiUtifi, fonii, 

Llbaviun) ai Hjille. Mtiaiied inedii:iiii«H and eheuiifltn- £n his borne iuty\ and lairr 

hutory and £fttt}^aiKea at JeriH. He wm a ochool-lanelirr at Blkhofiburg, and finally dirc»etOr 
of til* oeliDol rtt Kobin^. Be nnigetL thXcr the whole field of rhemistiyv *■! Iheorv, B|hpanituA, 
t««linok)a>% nuDclieme ond aleJneniy. Hk eluef work '* .Abdiyniia apF^'artd arat ut KtHnkfun 
in I&E 15 , and agnin in IJt^it, IfMJfi and Mil. M an ^Xk-^llfut work on llie sciene^ of irhemkiiy 
ita inducinoe extontk^ for iiev't^raj i^^ntiiri^^ 

great deal of the knowledge which the practical workers were uiiable or un- 
willing to eommit to writing. 

It is dear from his excellent de&criptioiLs of minerals that he was familiar 
Tidth a large proportion of the inifKirtant: niinemis occurring in Cierman}^ in 
particular ores of silver and m pper. H is work />e ra m m a hand book 
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i>J'liiitipmlcjgy. />£ re metaitku ilcsuribt^s the extraetiun of goltL .‘+ilver, chopper, 
kiul. iron, fltwl, mercury* uiitimony, hisrmitli, f'obiilt aim] 

He jiIho (IcaIite ttjtli Mt. mtia. sjiltpctre. iiluin, fcmniH ^ulpliate. sulphur, 
arricnie, iiiiticrttl pigmeiU^ and Idtuuien, Jji ^eueml hia knuivlcrlge is 
tu that uf Buingueeiti (whom he knci.v), c,g, in dealing with nitric acid. 
In many easier he gives more detailed infonnittiori than Birbigticcio, c.g. abniit 
the estirnatinn of ctipiier atid lead, lie hIbo ttescrihes testi^i for tin, mercury and 
iron. It Appears that Agrietda the Hist to mention potas^siiini silicate. 

Agrici>la seems tn hiive been a sincere and capable man of great energy" 
(he ivas an expert in three different occuiiJitionH) ami strong elianicter. His 
hook reuiAined thegosfxd of mining and smelting hi t lcnnany for tiv y centuries. 

A few other indivuluiib froni this |ieriod intist also mentioned. Agricola’s 
learned t^uccesfior avas the royal director oJ' mines in Rohemia, L^zt^rus fJrrA-cf. 
who in Jo74 published a compendium of metAlltirgicail and anulytienl cliemistry 
which was of iin|M>rtAnce for tlie next Ivijitflred and lift}" vcArR, The hook is 
jirovided with inagiiificent pictures which illnstrAte the text clearl 3 % Special 
mention may be made of the excellent laboratory pictures ot the preparation 
of acids and the prcsluction of saitpetre. HLs descriptions indicate that the 
author had in nniny respects brcnight the subject to a state ol greater elarity 
than had liis predecessors. From a purely chemical poi[it of view he ailvaneerl 
coiisidembly beyond Biringucei^J and Agricok. 

Tlie i>f (LLbt^u} (dicsl IHlG) gives a summary 

of a great deal of chcmit^al kjiowiwlge. Together with its sup[detnentary 
writings it rejiresejiis the first real fxjrt tiook. a fact wdiieh 

is worthy of note. Jjihavius iiad full coininaml cn er tlie theoretical side of his 
matei'ialt but he must also have know'ii stuiietliing about the [UTVctical side of 
the subject. This is sliuwn by his designs for a compicte chemical institute, 
which although never executed arc so extellcnt that tliu.y could only have liecn 
prtxiuccd by a man of practical experience. Few kter chemical institutes will 
bear comp Arison with these idaiis. They include a main lAl>oratory^ an 
analyticAl hiboiatoiy and a |irivate laboratory for ttio director. Further, there 
was a chemical sttmv a prcpaiiition room witii benches and fittings* a crystallis¬ 
ing locun with VAls. storcrocmis, txdkrs, a wiiie c^ellar. a w ood store and a rtMim 
fi>r the The labonrtory had waU;r hud on and chArcoal stoves, also 

hatlm>oni and steam bath. Among the larger inKta|lAtioii.s w ere tlic follow Lug: 
hu'jEC fiiriiuc’e^ furnace with saiuL *jr ash-^baths, water-lintlis, dLstillAtion with 
and without cooling atTaiigcmenls, ili-stillatiofi per aublimatioUt 

reverl>eratorV fiiniace, large IjcIIows, distilktion /ler htcinidJi |i.e. purificat ion 
bv' a scrie# of fabric strifes ai^tiiig as siphons), dung baths. In the aiiftlylicul 
r<poni we see assav tumaces, and in the ]irivatc kboratorv' the j^hilosuphicat 
furnace, which (like all the other tontrivaiices) is ilhistnileii elsew here in hk 
works. Outsiilt^ the biiildhig there is a large ^Hind, and jilot^ for making 
saltt^ctrc, ferrous sulphate and alum. The upficrstoray contains jiving cpiart-er^. 
study rfioins atid library. 

The following advanc-es in practical chemistry arc attributed to Liban. 
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Tiff *HMiltii€ tMj JIMJIL 

Ti»it iurtlStiJtiF t^iit«iii-H tiuifii wUh fiimju'fe fnr unJ 

r^T+mrci-bnEfu»: diatilLitjon nppnrMtEiK for iliimnl ^liil iJf^wnwAnl f4tKldlAtii‘jEi+ with and withouL 
4'iinliii|( t jcubIxicuitiDiri a|:ifMirj]tus+ ^jvipIu^'^h Fu^Vorkjc^tmtory f uniiu^ niLri iiir|^ Tik* 

amilytii'nl lfllKn^t4>r>‘ Lii^Dtaina fLH»ay fiimjict^ and nnalylhL-a] bnliuik^. mrtM^ tn T\k^ 

privdl« inburalnry 4’Ofitaili» (i " rnrikoiv/' Tin-n? ar,- a!w> in t}w inritiiutc h 

prripunil ion T%mm witli nrET53i+ A li iTj'J4t4i.klkrtiC4iHi Itmni, flc. 'I'ha lai^niiciry bat* 

uviter laid on. and in Inn vimn dir nn? fO^-ilit ii'ti flir muJclnH nlnm and I'iirinl, atinl u 

AH.|l|^:Eru plantat|4Mi, 

1. ^kut ll-«14l«t Jpktlt. 

XnrtbHpnrtt fmni ith' clilnn«p,Vs‘itark tkf tlm iiittfru laKimrcun'b 

3. Nfiftli, 4. Wrat. S. 0. k^uutb. 

7. A KoaI i-ntrannF! \»'JlJ!k hrmt] dikor. It >likiii mnrik ^itli xi'allnrtHi. C S]jjnjl U 1 jard^il- 

E Driw- K \''k^ibuie of tlji'lahtimtarj-. G C'b^injfal lal;KHnitor>'. H Ebivato liLbnrahir^ wilb 
v[rirtit to tlup Atiuly. J f^mnll analytii'al Sabumtory. K Oihjmb-aE phanuxu^y. L 

jknnitimi rutnii. >! lirdFtKsnk for iJ-u- labomtot^^ iMMintnikt, SioTf nKPln. O Cri'ntullbuit bn 
roQhi ^“«*«l^l*toNjrium3, P \\%:hj€J fttorv. Q South Ritom Tooin. Fmil jclon-. Llal kini;H:iiiK 
T A|}}iridclk£nrilkm (HfutnO. V Vi^ldhlfl X Winn ttdlor, V L*k}M>nitf>r>^ cpIIhiT. 

VValnr anjiply. 

fi u t>oans to l)Ki lubomiOry eclLiir. h EEktruncik to t^kn win*- it] lor, te. Stt^Am-butt^k. d ti Awh- 
hO-th fiintai'**- rt ‘NVnlnr^balh^ ff PiMtillwtion np|ininitkiii fijr upward diAt il Ui| bn - tj jj i^ub- 
liiTialioTk ApjhUAtuA, Afi (Irdinaiy flrcnliii-i'. i i RoV^^rbentEorv fiimnw. fc 1' Oblilktian 
nppntiiliiii. I i |}i»t|||aticiii AfPimmiiiH with ■Iiinil * ondfnMT. m wi Dun^t brtrh. n n Brl!uW»*, 
wEiich rfth ftliO hnns^ht initi tlw |nbriHiii>r>', o ^ Foal nslor?*. p p PhiEmuplirn^ furrkiH'o in 
t}w privnti- Id^nilor?’. r/ ^ Aj^y fiinkik^. r r Aimlyl ic-nl baliukr^^ in Ji * Tubi uml 

VaLkJ. f f Lhiitilktiou jwf lociEilTlM ftabb with VifSiiokh i-jr Ii^iqui|prp3rnt nikEl b-nk^hnfl for 
preparaticiniiv ^ Wafer tankifi. : i S|iaix+ for pmrMinin^ tnlt(Octroi, almn tttKl vitriul. 
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PLATE m 

; .4 Htir^iiM t, rfm n, 
a6«ur U]*HK 

J. Tjirpn ti^LuLi]tLM.J ujii- 
piillit, of iron or 

‘Jtr Simfpip huJKiUA AMti- 
pulLii. 

3. tloHeJ rweiii'er, 

4, ft, iU Tw'iit mx'ivrTu^ 

7 i^ lte<^ivor Kttia two 

,S. “ TJiim-r'j* " rc'(.T'iv<‘r+ 
i** OnJinarv roocivisr. 

JM.. C^l^Il^l]iilll rt'Tr^iivciT+ 





PLATE +VI 

^i-H;ond ^uilif of lln' H EicUN'^ntL 
i+niMry. 

A, A-iHay furtyice. 
ly Iron on to ivisich ihu 

fMuirplf* btfin;^ wuh 

fKPurrd. 

I'v '^iV;K£>di''n iririlrutia^iiii with slit for 
oljHo^rV'iti^ iho J^ru in thr 
fijriiult*«! 4 i:^'d priinnJl. 

D. Fhieik on trJpoii for pnrtii}^ ihi' 
Hunpio of ^Jtl- 

E. Wp^IiIei^ thin ^>|Ej^ilvrr uJloy 

in watofi 
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It in iiiipos- 
erstaiid flow 


Hf' was tbe to reeogiiise the preiteiice of carbon dioxide in certain numeral 
watei^p and to dttemiine their ^specific gravity and the resiciae left tin evapo¬ 
rating dow n. He discovered liquid stannic cbUiricle (Spiritiis funmiiB Libavij), 
bismuth o^ifio anti nitrate^ the jirefjuratiuii of (impure) ati'etone and of 
camphoric acid. He al$o descril^es sulphur dioxide and sulphuric aeid. His 

descript inns of different 

‘ " kinds of chemical appar¬ 

atus are the uiust com¬ 
plete wliich occur in any 
handbot>k on this fiiibject* 
O t h c r import^int 
works tif tills [leruai are 
the writuigs of the eo- 
ca lle«I I'aa t tin w*. 

tn several res|)eets they 
constitute an obscure 
chapter in tlie history of 
chemistry, 
i^ihle to iinch 
serious hiHtoncai wnters 
cun have entertained 
even for a luomeiit the 
inetliteval view of the 
Basilius writings, when we 
consiiler their language, 
outlook and eoiiteiit. 

It IS nsually aasiinied 
ttiat Hasllins Valentinus 
was the pseudunyni i>f 
tlic >Milt -niaker^ Johimnee 
T li 1 d e, o f F ran k e n- 




PI.ATK 

Br fiEin liitmuHi pli'tT-ttU-ll. 

A iioh]ji-xiuL!i tri Briibanl. 

]ji mlditioti to T. 0 . vAfi Hcllilvnl iIh." pit'lim' 
jmii> yrnnf'tHf-Ttc van 

edition of the works of Valent inns was nfit 
comes from Korsehach on Lake Constance, 
TfiFfi dewi i/ro$sen SUrn f/cr Cmtiev and the Zkiiff 
IftOO os the third part of the durrww* a well 

which was also produced at RfsrKchacIi 


liauaen. who alwj made 
hX'drometersA 

This assumption 
Imwever. by no means us 
certain as has heCMi 
auppcjsefL The earliest, 
produced by ThOkJe. hut 
It eontaiiLS the writings 
ami apjxi'ared in 
known ulchemistic treatise 
Tlse question can finl_v be 


^ Hyiiixaiv^tvre lin? nwiitmEk(<d bv Papp^n of .^k-t^ujiaria ^>yiiP»kfeiK in C/Mj-mri? rh 

VtiwtrrihnM (nTth o-nlurj j, At^CbBuirii Fn'nrh writcn< of i}w Mxn> 4 ^nUi rvntlirw uiifl 

St-hwcntcir ( 16 * 10 }. 
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con^ickriKl as setticci if it l^ii l>e ithoivn timt Thi^liie liiid .^jiii^tliing t^j do witli 
this eiirliest edition.^ 



Tile fititiior of tlie 
dwrfwiw r^7ifw wiif^ eer- 
tfiinly n«t Th^lden aiu! 
thr autlsor of tlie Vsilen- 
lintiH writings^ Avai? dearly 
not a Beiiediethit\ 

^Vljtx?ver he may Jmve 
been, he was a gifted 
jsrattical worker ’with n 
H|jetiall_\' gcaal knowledge 
of antiuioiiy- It raiiiiot, 
lio%vev"er. he as«suiiii^l 
that heaetually cllseovcred 
any fmh j^iihstiuieert, 

Tiiia Hii ppusitioii i±^ 
hasefi uimit iiiaoeuratc 
chronoiiOg>^. Thus a mong 
otiier suhst^tneey 
rneiitions^ antimony tH- 
chloride. |i o t a s s i it m 
ami ui on 11 1 e, k e r m cs 
iiuneml, iimmonjiim sul- 
jiiiiileT ethyl jiitrate, ethyl 
chloride and fiiiminating 
goki, all of >rhieh were 
dcmunstrahly known hy 
HiUU.- 

'fhc Knit iieriinm 
tiniven^ity professor who 
taught eheniMtry was 
Johann Hartinanii fix>m 
A ill h e r g (I- iWlil], 
professor at Alarbuig. 

The Belgian, Johami 
mn Hehno^t 

(1577-1 (V44J, may be regarded os the founder of rhemijffri^^ iieirig well 
known aa the inventor of the wonl He recogniineti hytirogen {which 
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Hfirn nt KnflH[i 4 i|| ; diinJ IIITOttt AiiiMt^^nlBEia. 


^ A lastliHJitiufi. fr;>rji Kinli^ben i* ai^fl inrf^nlioi»rti+ 

* tVp may nioriticn Iwpu A Work of H- -Anlahjo Nt‘n, which dvi» an ikw'Hption of 

mntf’mpontrv islBtHs niMi] ufEU"! Kir¥, St miiat bo iJmiMriwd timl Om? \ CEis’tiiUE ^hisa worlwfw 

kTtf>w etiII motv I imu P. Nn^in'. Tin- work Lt$tEf tpd i L'nr/r j-mi 4 Usiftla^ eiiii appi^ftrrd (n iri\± 
N+jH waft ar^juniniiHl with h'^d jilftiM eofilairijn^ no alkali, and lnf givx^ n fur ^^oUl 

niby whu-h l^i rorrtHi^t, iH-oCirtUnp to ihf* Eiilrr ap^ifiL'BlioriM iif Kimc-kr]. (Ltbau IimI nbi» 

Jw^nki of jiold whir-li waa also pri'lHaj^^il by CowStirt Eonjj bt-fun^ Kimekoi. Et waA^in fa*<l^ 

known tfi thr Arn:'ia*ftl*ip am Ih mIiowti btali by w'ritorm *laiI by *jJiH.'ijrn^rLtt oi jzlu^-) 
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had, eoum-, pr^vii^u^ly observed as a separate conibustibte g&s), 

also hydrogen sulphide {to whkh the same applies|| and the lire-extingtiishing 
earhon dioxide, which he termed gas .Hylvestre.” He found the last-iMined 
gas in the rtuiieml wiiter^ of Spa. He also ki^ew of ailicric acid and lia^t some 
foiieeption of cliemk-al phyaiotogieal proc^csscs (e.g. gastric aeid ami gall). 

The last great ehemiut of thiK period the ontstandiiig teehnieiaa. 

Olauher. of Karlstadt (H>U4- lG70h His importuoi’^ is often titider- 


eslLuiatefL as he wn^ a 
mnn without any 
11 cadeniic tra i nItig. 
Hiiwever. he Jiail remark- 
ahle practieal skill, and 
his activities covered a 
very wide rurigc. He is 
host knovin for his im- 
prtivefl luetho^is for pre- 
|>aring hydrr>eIi1oric and 
nitric acids He 

knew and [>mcti8ctl the 
older metiuKlH, in w^hich 
hydrochloric add was 
fditainefl from comnion 
fiftli and green vitriol or 


PHARMACORVM 

OMNIVM> Q^y M aV IDEM IN 

yfu funfA^Of^'cndoruffi fwb. 


VufgQ uoant 

DISPENSATO' 

RTVM PHARMACOPOLAfLVM. 

EsMTinJ £cnfn ttini 

rrfCriiPumi!dlc^!ham«’6(riJiaEt)¥ unli^imiiiJIii/lrAj 
nsi^ifi o^Hict^liiny m (Tn^LlciC^ luflc 

am fUff co^moruI Ucn trudiittr. ‘ 

VAL£B.JO COR DO. 


rr EM 



Dc CQ^ic^Mne.TTpoiiEioiV^flf dunrIfkiH l!in|pl'id'u'm# 
Df sduhriaiimib^ i^jkionirtdAfti fEmfifkiiinrt.. 
SnfifiJin He ivEiifitfvutkimf 

id Sunct Qirid pro 

Qyalcin uittmt PbitmHtipoliMii rtli mmaiU* 

Cum Indki ^opinf^ 




a 1 11111, and nltrie atdd from tJc dunrlfkiH fimpJiciVm. i 

silltpotre and vitriol, 
aliini or clay- In his 
ow'ii methtai bytlrtKihlorie 
add was obtaLtie<l fixmi 
salt and sulphuric add, 
and nitric: acul from aidt- 
petre and sulphuric add. 

It fihoidfl. however, be 
noted that these }iroeesses 
w'ene prtibably known 
hefen? Glauber's time, 
but were not used in 
teehidcal practice on aceotuil of the high pric^ of aulphurie add. Accortliug 
to \Valiieti, the piopnrtions of the iiiateriaLs employed hy Cilauber are the 
coiTeet onea,^ 

fiiauber used hydnx-hlorie iichl for the i>repjiTfttion and study of chluride^. 


Nurifflbtr^ ipud 
lulih FctJtiukra* 


PMTK H4i 

per^e fj/lAc aj fWrmiJr f OT-in. 


* fUiS mi know Clbubi-r'i^ He EiboiitHil JaycIrAi'librir 

frjin Mik bV tw'rtt itijL! witii loujii or U^rm tcipii IkitA. TIm^ imnic Applk^f (a ltr-|[:iiEn {161 A), Tho wa -i^hIN- d 
VDlontiin.» iirrlkan’d fuiuji rr^iii fruin stllf f^al runiiiotiiEU' ojhI (KJWiU^n^l flinty wbilet 

Uv -tibtftifif'd liytliwbiorir m'kl tnink oEJHuiion wilt APlii ^ntrioL T\v^ fin inirmriun ^4 

iwii\ frum ijaltfWitn' and t^alplmric ftfsd dew*^ hciwox"or, ftOJifiif in luiw known to Ati|^>lu« 

SaIh. 
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of wliieh rlic hQ^l kno^^ ii were zinc chJorkle and Hrsenit* chloride* It iimy lie 
note<l that (ilaiiher inentiortK Kalt|3etrQ as a go<id manure wjiieh lie liafl tested 

himself. (Thiuber's work in 
tlie Held fif explosivesit of 
great irii[>ortariee. He db- 
mvered aiiinionSuni nitrate, 
|Pte(Hire<l jKjtfi^^iinii pierate 
iVom wool, jvitrie aeid jiiid 
jKttasli. ntid iiiiprnvcfi the 
pre|viratiun of fulTainallng 
gfdd, lieoeeupiefi hhnwelf 
ivith the piohleni of poLsou 
gai^ and gas shells^ ]u.'tnally 
completiiijl^ HOiiie of the 
latter. He mentions their 
iise in the war against the 
Turks, atui fimlietefl ilhtil J 
ehemieal warfare. (Jlauber 
]ire|Hi.retl inlloiilftlgohl fnnn 
gold ehlojide and lemon 
juice, improvetl the jirc- 
panitinn of tartar emetic 
(UU8}^ and knew the iiiann- 
fiudiire of ruby glfos. 

It can harflly he 
tbubted that (i1anLx=^r was 
aeq imin t et 1 wit h eh lorit le 
and pntassium ehlonito. 

lie observed the 

chaittirlmtf { |jermaiigaiiate, 
nia!]gatiate)p givi^ citrections 
for oh t aini ng an timony 
pentaautphkie from auti- 
acid. and cast 
antinioiiy vessels for drink¬ 
ing. He recommends 

cop|>er tartrate in place i>f 
verdigriR, and nbtalnod 
acetic acifl from crude 

w^oiH I-vinegar (w'hich had 
I [ing been k tm w ii). He 

distilled coak obtaining 
lienzene aiul probably also carbolic acid, pre[Jared fairly jmro graiJC-sugar 
(ItJfMl) and mall extract (1657). He knew' that fuming nitric acid would ignite 
tnriicntine iind other ethereal nils. He also obtaitied ethyl irhluride (1648)^ 


PL.VTE IS7 

pngrnrdns# <?/ .HfifhP^rp rdiUtm of Jjjtf /ntf 
of Fy^friif4f Cufdmr 

Publirflsid in Anlworp by livp |iiuif nm wt Petor €oinkin- 
herff, raundt-J in J.74S Hu.' boUinkL^nl 

i|raT4k'n (bIjiiuu eh tin' pktiin^}. 
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iis^toiie and acrolein. In ho indkat^Kl the methwl oF obtaining the 

alknkiid hfLsca stryehiiine, bnicine and morphine, 

t4laubei- also made ccmtribuLion^ to ihe^irethial chemistry. He hail a good 
coiu-epLioii of the nalim of chemical it?at tioiis. and knew the change : acid 
+ Iklsc m\L He was i>rol>aljly the finit tiJ gtitsp the nature of double 
cleconi|>nsitioii 5 *. His example of thin kind ol reaction is ■ coiroaive sabJimatB 
+ antimony sulphide gives antimony trichloride -\- m:?teiirie suliihklG. 

The %^ojrld of (lermaii cheniiatry {and in [>artlciilar German chemical 
industry) owe^? a great 
deal to (.dauber. It is 
incrwlihle that ihei-e Ls 
yet no jiiemorial in his 
inati%'e country (tk^riuany ) 
to such a great man. As 
a non-academic worker he 
\vm ahvays hjokf^i ihiwn 
njKHi, espeinally since lie 
maintained that ai:^ a 
skillcii practical worker he 
t:<juld learn iKithing fo^m 
I l ie ujiivcrsU ies. This 
statement of lik actually 
hits the nail on the heath 
j^iiioc at that time real 
[}ract ica I eheiii intii could 
fiiily lie trained in metal¬ 
lurgical wthrks or phar¬ 
macies. 

We tnnst nowdciicrlhe 
i he m^dicinul knmrhd{/e rsf 
the [jeriixl. 

In tlie first place we 
must agaiii deal willi 
rame:ebus+ Tschirdi au<l 
von Jippiiiaim clescrllit' 
him os a Neo-Pliitoiiist with a strong tendency to mysticisiii, who atteu^ptisd 
to destroy the Gnienie duetriiie without ever siieceBding in doing so. 
Huhciiheim lielieved that everj' vegetable or animal remedy contained oiw 
jiartlcnlarly effective siih^taiK** the true aim of pharmacy being to obtain 
tills suhsi^iiice bv chemi<'al mean#. We know to-day that this idea hsm 
unly Iweii slowty roalisctl in p^aeti^?e sinc^ the nineteenth century, and the mi^t 
re<!ent invciiithjtitioiis seem to show that it is orrtmcoujs in its most genenLi form, 
since the most effective remedieit are rarely individual pure snl^tances, heiiig 
more often mbetures. The extracts or tinctures rceommended by vmi Hohen- 
heini (which were used widely both boffue and after lib time) ate of courBC 



Fmia the of Jrtr, 

t'rtrioun tiic-lill fOliIrtillt rHforfwa wntwwitti mbpn. 
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Jiiorgniiif cUeinieal reiimliefl. tm the other liaiidp were generally only 
used fur extfrnal appUeatums (ns 11:1 earlier ixrriocb—tioe abovcj. 

The aisteeiith century saw the rise of of pkfirmac^iMtiaii hitHded^f^ 

in various eoinitries, 
after the nuj^iel of 
the ^ i r c / Op r j o 
Fiore}^tifio. This 
often took the form 
of \ni:ii\ pharmacup" 
}Keia^ saru'tioiied by 
the muniLifml or 
autlioritipfi. 
inQfrjst fVVm/in 
pftfi ntforopwia was 

the Dhj^nmiQrimn 
of I'fj/priwif Oordfi^^ 
com plied hi 15441 for 
the town of Xiini- 
ijci-g, ^ I’he iin[x>rt- 
ajic?e of thk should 
not be u 11 de r- 
estimated because it 
L'd oil earlier 
It hi the 
lunetbn of jihanna- 
ttipfeias to pre^rve 
existing kiiowlecige^ 
The JJi ttm 

of t“ordiis eontauis 
nearly four huudred 
(*ompofiitHj requiring 
for their prejMiration 
seven hundred and 
twelve ^iuipUcia^ 
some of wluoli are 
Tiuueml or cheiiiicaL 
To-day the exti'eme 
complexity of many 
of the remedies 
causes astonish ment 
and doubt as to wdietlier thh t'iom}ilcxity server smy uneful pu^^KJ^^ 3 . It 
shouhU how'everp lie remciiiheretl that the plant lirugs and aidnuil products 


PLATE 6!P 

Apparaiiuf fw mrr^iag oyf rfMLfiJfof»ojh ih Hitam. 

J. W etkL'r. 

Tlfcf ^[LKks U<i liol nnnd in tliy waten tiia dU' fiumniiuli^ % 
tlh^ titH TIPirti kiful of diFtillalion Iri iiH-Hliim'itl, mn\ 

ifie pwAur? in |nrlibftli!y l?o™ « edition of the 


* A fiimiirkilr wIlUopi npjjt^j&rf-d in 1^34 with tt i'onur.tnliirj' by Dr. LudK-jj^ Wiiikkr, 
bnii-k, (Mibtirthcd for ihv 0€»rtftfrhttjt fnr rfer iUerlin} by Arthur Niunayor, 

Mitty nitalrl. 
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provkkd l>y ii^itiire are iitmally very complex. Tbiia a gines of wiiio 
t'oiitaiiiJ? cU^/.i?ii£? i>f LheiJiital substance;^, and mv.h ^bujile L>rQ{]iict» m e&sence 
of j>ep[)eriiiiiit or attar of 
rusen i;otitain more tlinn 
forty tbemical indivuiuuk. 

It m thoiT-foro wise to rtiserve 
]iiflgm€!![il i>ii tbbi i|uestHJn. 
esijec'iiilly as to-day we have 
no praftk-al t?xiMM-ienw with 
C<}m[xi>sita many 

tom poi lent H. 

MttiiU'i|jal p liar 111 a- 
ropteiju; were pu}>lkshe^l 
shortly aftervrards \t\ the 
towns of Lyon (L54K), 

^[aidim Antwerp 

(I oOti), Aupibnrg (I i>b4), 

Cologne flo(j3), Bologna 
(1574). Bergamo (1580), 

Venice (1(117), I^jiidoii 
a II d Frankl'nrfc - on - Maine 
(1(124 ami l(i2H).^ 

ValeriiiEj ('ordiLs (1515- 
1544) wiis also an able 
chemist. He was the tlis- 
coverer of ethyl ether, w'hich 
he prepared from spirits of 
trine aiul sulplmrie aeiii lie 
also prt?pared a whole scrie?; 
oi ethereal oils> of tttiic-h we 
may i nent ion e i ii nanioit, 

L-love, cubebT ciardamoni, 
mace, nutmeg, |rt;pi>er, 
aiigetiea, relerj^ jiarttlcy, 
fenneb riill, i>arsnip, eamway 
and anLsee<l. He alacj 
observefi anethol in aiiLseed 
oil. H is vessel for pre[>flrLiig 
volatile e.ssentia1 oib is of 


PL.ATK 7fi 

f^r r/frrtt-lniy rA^nwip™/ fr^ttr plfittif : 

fitirUl, la.'lT. 

prepnrinp an usmict from 
VV'iitrr-fHllh ofi trip<Hi with fl 4 *^k. Nllll-him^l iiii4 
rvcriViT (i ina*if * \w^ d milght ^HckhI) . 
Hiifrii^nitoriliiu wilh fumujrw tiiid mvivrr 

(lUkcler u ^Innight'hMtiL 

OieiiU^r, Briparat Liy? thi* vi?fieLahle ar 

rtpiri^H fmin ilu^ waO.^r. 

Fiimwnr witJi jmhdMith. 

I 'Hadniri^ bBL-ittft for ubOdiiJEu pl^Ults. 


X 


A. 

Ii. 


inteiest: it consists of an idem hie ^tdth a 


tTliPK^ wL'n? aLw hir^ niiliil>trf>^ oF uiioni^-ill] phaniuft^opn iM, On- of 

Job. hinddi r (^Uwinonmn) at Manb^la'IlK (whk b ^uliUiil^ the lln^t eXumpU- <■( t|» 

word pbmtlViji'^i'pQ-^B "*’11, ibt? Aniirttitnfium of Joli- JAk. VVewker^ 15 Se>k tbJ‘ Hiii^iirii.'t pliimiw- 
of €ii>Hpiir S^-hwtJwkfLdilt, llii? (J. dil 1(^13, 

tht^ TAwmirHi* rt .-I i^rpt#? 7 i^n#oriytJi of Adrian Si^tiniPtlichl (.\EyiLiiiidktk US3l^ Joh. ^H'lirxkkir ^ foiuoiuf 
PhsrmittofHria IHJl. hJ. Zwj-lfT4.rit Pf\^rmTrf^ptrui IftTS (vKipli 

in. many ■niktiojks in Lii-rrnony lip ihi' krt idLllE' of tFu* riMbtiwnlh cvislijry J. nikd. Knally tin- 
Fhfir»tact.*ptt of llw? rarb^ion plmmini-lsit ^1- lllTlL 
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fusecl-on licarl jukI a tuliiilatetl llatikj thus Hlloiving f'c.>r filling aiul refilling^ 
Cordiis hrnuglit the spirit of L^hemistn^ into pliarjimwjloj^V. and Iip sought 
to pi-ejwire pure extracts in the sann? setise as Paracelsus, KoweverT iui 
stated above, eoliitiens. extracts aiul tinctures preptireci from t'l^getable 
or animal sources can harflly be regarded as chemical Uidividimb, hut 
rather m complicated mixtures. The same of course apiilics to the many 
waters 'Noid cs.‘?ences propnlerl by distillathjn. Brunsduiyk lueiitioiis [ainoiig 
others} the oils of angelica, hlessed-tliistlc, lindeu Howei^- la vender ^ eaniomilCt 
aiiiseeilj I>rimula farinnsa. junijK-r wcnid and rosemai’y. . Hyfl prepaied 
ethereal oils IVom practically alt the pharmaceutical gunis^ e,g, myrrhp sty rax. 
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Airhtffi iahortUor^. 

llnfmiviik}' frum "■ Vam phitotw^lih, Siiciiii' dia TiactAlby H. C. D.^ Frnnlifiart. 

PiihNE^lu-d LiplsMi JfimU. In tlir fopc’^uial aw beinj- In tlw biu^k nf 

|}h' tiiiHure, n fim' ’wai^T-Uth. T\m apiwiPiinlly lb-- n^arr-li labaramn' fit a c'hiinb 

inaijtic, o[>uiKm^x, benzoin, nmi aLso from doves, dmiamon, niaoe, saffron and 
other spicea. *J. PorU diJ the same with wormwood, Juvender, fwimula 
farinofm, cjimomile ami lemon peel. 

The pn>diicts of dry distillation of vcgctjdile iintl animal producta are all 
inixturea : tliL« includes animal thart-oal from various soureqa jjndi as ivory, 
fungi and animal oils, also tats and tar oils. Still less chenncal individuals are 
the many lirjiiirU obtaineil by pressing various freali vegetable products. Oils 
were also obtainetl by pressing from many seeds and fruits, ami could be 
rendereii much more aromatic by the addition of ethereal oiU. Many kinds of 
animal fats were also used, deriverl from dozens of different auiiuaU, e.g. all 
domestic animals (tnclmling dogs and cats), all kinds of poultry, all mainmak 
and birds which could he bunted, adders, vipers and fish. The fat of execiitcfl 
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S*rcp<ir^txf>n ijf oF^mv. ; ,1/, B. VtikniinK I7<J4, 

Ki4itH^ ti( wliStr prTKlyi-^nl Uy rrhruftfng rnhiilt tirt^ ur rnfUiSliH' rtr>«'nie, nnd wi-r^n 

Jmiis Nil' 11. WInif- Aiwiiic u n-fi n tliic-k lai-i-r In iln^ iron tubt>fi t: 

wilhlldHE. 

liijiiiEin bluings wa« !i iuudi.^4jiighi nnd^xpcmive iiiiHlif'nni^nt. (Eveji Saladiii's 
i:omperKliui]i ecsTUaitis aixtei&ii clifTereiil iat«d tn later [jeriotla the tendenev 
lui^t been to In ugh at thia firKeiml of irtta, aiirl to Im cant^itt with hird and 
Jntioliiie^ It may Ihe, howevert thot the- ancietiti* were wise and the nmdeirL^ 
frxiliiili, since fata differ to a great extent iit their cheniical CDinpuaiticm (ergn- 
steroL etc.), 

may note the use of honnone niul eniytne prei>flmtloiMi, e.g. tlie liver 
i>f various animaL^. lunga, spleen, Ijrain, marrow', IdocHil (of diffetei.it kiiidsj. 
gastric mcnibrEme. and gall (Saladitv's iionqjcndium eontaiim eight difFcrent 
kinds of animal g»ll). The nicclkinal eifeot of toad iioisou was also used, and 
was re-difitm'eretl at a niueJi later tiate. PartioTdarly notew^grthv is the itilri»- 
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ducHuJi of new refnedies frojn Ihe ntuiy diseavered A fnerimn continenij wJiic^li 
Jjiter ttltjO infliiL^nced tlw Held csf clieniUtry^ It u’ould wvupy tfK) nvueh space 
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Frunz dtu itoi s^ttuM (/ffij 

Rcirri in Hiumu, workiMl tud a umv€!fiiil.v tcttf}n?r [ii LL-iyd-Tti wtml Alii4^tcn,ljttii, 


to puimientte all thei^ rcme^iiE*, Hut we shall mention a few of them : tobacco 
(and the distiJiat^? prepared from itj, cinchona bark, tcK’a leaves, g^iaiocuni 
Wijud and resin, qnaadin, stassafrasp ipecaeuaiiha, sarKa[jiarilb. rout, oeiicga root ; 
copnivii, Peru vian iind tfilu biilsjuns; jalap ^ ^ihadilla seeda, cticoa and cuCfiMi 
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blitter; spices such as vjLiiilla, C!ade11xi, piitieiito mid Spanish pepper: dye- 
stuffii^ like Jfrazil wood, cainpeachy wood, and coehmeal inseets. The last-named 
were usetl as a semrre tjf carmine dye, ivhitdi gave an excellent shade of red with 
staimie chloride, as described by Drchbel Tiiis list represents a most 

valuable collection of materials^ 

Ill the seventeenth century China lea and Abyssinian coffee iMsgaii to 
spread to the West to a considcnible extent. 

We shall now give a list of if c€js containing some prtxlucts which have 

not already been inentioned. 

(n) /mzrtffiwiV, The so-callixl Hollaiulus" knew caleiiim chloride. 
Vinzentiiis Casc^iaredus foniul heavy spar (in lhn:i or hiterj and prepared fnim 
it phosphorescent hariiiiii sulpliicJe. He stated! that it is very tUffienlt ti> neduce 
this minenU to a Jiietul. and in this way discovered the pliosphoreaccnt rnaterinl. 
Joseph dll Chesiie (Qiiert'Ctaiuis), lij^l-nwjn, a Paratielsian |>liysician, used 
calomel (mereurDiis chloride) and gulden antinifsny [jentairiiilphidc. Wc vaniiot, 
however, suppose I hat he diseovere<l tliese substances,* 

Angel US iSaln, a doctor of the first half of the Heventeentli century^ knew’ 
of the preeijritatinu of coiijx-r from solution by means tifii'ori. The metaUni^iMil 
works at Xeiisohl iimde copper-[ilated iron vei^sels in this wayi and soiil tlieiii 
as exaiiijdes of tlie transinutatkni of metals ; actiinlly, of c^ourse. a galvanic 
prot^ess is involved, 

Otto TfloheriiuM, middle of the seventeenth i^entiiry, g^tves some iiiethixLs 
for analysis in the WTt way. He used tincture of gall-nuts for detecting not 
only iron, but also cfjpjier. lead, iiierirury and gold in solution. He also used 
lunar caustic for recognising salts in solution, aiwl oVe trersd. 

Franz de le lioe (also knowTi us Sylvius), the fanioiis iaira-chemist ami 
professor of medicine 111514-1 ItTi)^ mentions and uaea jiotafisinm chloritle. 
He attempt«l to develop a chemical theory of physiology, and recognised 
reapiration as a process of combustion. 

{t) 

Succinic acid^ Agiicola 1540, Lihau 1595+ 

Very pure alcohol, Cardanus 1554. 

Benzoic acid, Xostradaraus 15511,. Ruscclli 155", Blaise de Vigenerc 
15^^b+ 

Gmpe sugar froni honeys Olivier de Senes 
Pure bone oiL Turtjuet de May erne 10U8. 

^Anhydrous {x>tassium acetate, Th. Muller IGIO, 

Amniuninm acetate. Ra_vmund Miuderer HHJh 

Milk sugar^ Fabrizio Bart ole tti ltU5 ; Thurneysser 1583. 

Tartar eiiietie, Adrian Seunnenicht (Myuaicht) H>30, 

Puta^ium oxalate, Angelus Sala lfi-17. 

Mustard oil, X. le Fcbre ItifiU. 

*■ Kcia rail OrflZbRr wan t lu* dr^t Id liwht kui bite lend \ { 15fl3>, and fiiivim nn fUiuttnt ion 

of n rod of graphLU' in a rrtno. Tbo diitcoVary wan pp-ntwlbly lilAdi^ ]jy ttio EngUnKL though 

tlkH earJy iDBimsc^ript of Tllociplillua Pnewbyter uhovn) ib writlEn willi a j^iihilo |K'nrU. 
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Pl.Al'K 7 fl 

The oj indijff/ in liuiin. 

Ffiplii Muii^iiin Muiw<.>filW, by YHlL'nitiliiF Kraiifcfiirtfc I Tlw?- plAsifii wc*i\' 

with watcT^ thim vine ttio indirah. iiilution W4i* in tiu^ w>outul 

%Rt. vrhvn usMiaflon lonk p3uw (inn indigo s^>jianltoLl OMt : tliia waa llH’n of! nivl 

fSriixi. 


Theoretical {’HKMiisTiiY 

The t’oiivept of elements described in a previous section did not change 
appreciftbly in this periotl. TJie clement ” sulpliurgradually acquired the 
elmraoter of plilogistoti. Biringuccio states that Hulpliiir is more “ combtisted 
than stibnite, ami Inter the term “ richer in phlogiston ” was iiscfl tees below), 
Chemicat symbda remained esaentially the same, though practically every 
author bus some speeial signs of his own. ThoOob^ie phartnaeopoela of m28 
gives a table wliicb probably represents wide usage. The number and diversity 
of the svrabols (some of whicli were used aa secret signs) is w'cll illustrated by 
the lesicoii of the apothecarj' Johann Christoph Somrnerhoff^ which was first 
printed in ITul but which cleals chiefly with the litoratnre of the sixteenth and 
seventeenth centuries, 

'rhe law of constant proportions by weight was taken into account by all 
the practical chemists of this period. This is true of the authors of many 
booklets on assaying, and also of Birutguccio, w'bo states directly in his 
Piroteehnia that in chemical operations the quantities of the substances taken 
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CH.^kACTEKKS 

’ . . . 

Sign a Mdnrfprym* Mincniirijm.^^ rtilcTijm., 

-T. icajiMm . jIviiLfm^ Hjcjyrii 

' f Cil|1t]PC4iUM. 

A, 




?.3C. X f - I. 


iiiu^t eorreispond correctly'’ t^J one another* Birniguccio ah^y knew that in 
eheniicftl processes tlie iifltiire ami quantity of t he m\^{ilve«L neinained 

unchanged. Thus he 
sfiy<9 that when silver 
iH dissolved in nitric 
aeid, nU hough it ap- 
[H?-ars to be eomplctcly 
destroyed. the full 
weight of it call he 
rccovereHl without loss. 

liinngficeio w a s 
uLscj the tiRt to giv'e 
numcncfal clata on the 
increase of welglit 
acTOnipanying the cal¬ 
cination (oxidation) of 
metals. He states that 
leftf l iriL-reases ui ivcigltt 
by S to h.i% when 
ealclneth Acfrording to 
the correct 
are 7*1% 
and lU-2% 
(red lead)t so that tlie 
agreeiiient is good. 

The invDfttigaU>r 
Cardan ^liatcs 

the increase to he one 
part in tliirteen, which 
also agrees w ell. He also 
gives an cxplanalion of 
the phenomenon which 
prosuppeses. the phlogis¬ 
ton theory. CardEinus 
shonlil therefore really 
Ikj rcgardetl os the Ibun- 
der of the phlogiston 
theory inalcad of BtaliU 
C{rmlptn iifi {1 oUCi) 
detiieribcs the same 
facets and givea a cam- 
plctely untenable ex¬ 
planation. 


1 I 

Aiiain'P.plwan.M. + J 

^>h7rS:t=! . ' 

< VJhi I ubrii-n-» 

IS —-».tH 

&+.HX' 

^v.rl*.®a gX- . 

»<£-CiwJ|tVfniiii, ^ 1 ,^ nru^ 4 CT ,F' 

JtrtJSN^ ^ l4r^ 

^ M, 

A4u^,V. ft a M M rO+.p 


Walden 

values 

(litbarge) 


fS’. Lif» *"*!*'.• H ’h, 

AfcirnciiFptfC®®' * 

Ahipoi ^ • 

Ah-fiffl U!k'-sr f>%' JC _ 

Amlt■ 1^:.X • '■^ ^ • W 

Afitflh^Fln “H*. - 


a# 


.mas:. 


ajm.h^*-.bI e- 

**rhd!to^ 

«Ul l^iE^fen Ah^TyrnS, 


M^vrtc TT 

.f'pffirt ISammfrJMtJff- 

At tlso eiwl oE* f^iEUfiui'rlioa'K p3Li|ltEiiw>i^lLlk'n3-i'l!H.''iTiioal EeKUKiii 
tlmiv iinr!‘ |i 4 ^fr!ti pn uliiliiihrtii'Hl cidfr^ rUEitaininjf 

tlu" nblm'V'iatir^ns AiHl tiK^iilVt i9\intKiLB iih#^ in ilh^ Mix,t<vilitb^ 
t»x'?litwtil]i wniLuriisf fnr tlic' rtlc^l imj^r- 

chi[!irii^l and [khamu^nt ir-n) nppjiurkf H^^ 

wvijBtitd- uni Eiuaapiilat iun#. 


//» Popp found the same beliaviour in the calcination of antiniony by 
means of n buniiuig gla^^. J* iSsgnhi [ 10J *>) liive.^ligated the aanio phenoiupiioii 
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PLATE 't* 

ir/ ihr ivrimV : 3/^ /I. 37iH. 

ill lli(j o.vklutitm of iivii in tlie ivet wfiy, and olitaiiied the fairty accumtc ratio 
I : I-m (iJiiitGarL of 1-3). 

It in tliiii« wiiiplElely untenuble mitl in ooritriwlietion to the facts to 
tnaintain tluit fumntitaih'c nictiiods in irliomistry were only used after 
Iju-disier’s time, atid that t,iie projier use of tlic IjaLiiiee in choniistry tt‘as not 
uiKlerstood before (^vciisicr. In (rfaubtr’a relics tliene hto three Ijalanees: a 
Ixihkiiee for gold, a eamt halaiiee for previous stones, and a raitiri bHlanco for 
tests. Tlie scale-jmns anfl the set of weights were of silver.’' 

The F*rench iloctor Jean /fey (diefi ItHoJ stated correctly in 103(t that 
/Ae incruaae of letiffhl on cakinatUtn comes from the air. He oljserved this 
phcnoinciion for tin and lead. 

>^t.nii€rt (IbTa-lfiSi) taught that the [Mirticles of elements persisted in 
coiiiijoiinds. Joachim Jnnjius {Iob7-iG57) was of the opinion that eheiiiical 
prtK.'es.scs euiilcl be invcHtigated by JueatLs of the balance. 

Johann Btijftisi mn lieimont 11387-1657} knew that gold remains gold 
and lead remains lead, whatever is done to them. 

» l'jiri|ifllt » iMtitm-r iJoinf inB liownwiuilu Hii|N-ftr lo f-fjipir ilUo ««- aftt-r 

liN>4i«vi'iil«-ntii crritury, iOmI itu!iin«w w illi ii -H'lile for nhowlnj? the ikfli^mon of tlu> pointer Wpiv 
FA iviy liSiMl tiotil lilp eiylitePTitll oentun'i Tt'f' rinst-Jtiwwij biiljiiit'e writli jiji Hmuypiinnnt lor 
urr«,t iny t|K> piioi, wa* miuk> Ly T. Uvipofd in IT2W rmin n Fipfldl ilmcript ion. NO coniprchpiisivo 
Imnk jip|H'arH K, 1^4vt' iM'pn written fXi hintim' of tllP ImIbih'p. 


















































































PILTOHIAL HISTOKY OF CHEMISTKV 




He: tihu tmw (1U48) thnl tvhe^i u rmtdh in a belt-jar hif mmm 

of icater, the of air dearea^es ottd the rises. 

Vnii Hdninnt f^lm meiition^^ the consen'^tion of linitter in tlie cronibuBtiion 

of carboiu ]irovitletl 
that it takes ylai'e 
in a closed ve^I. 
Boyle gives an in- 
rorrect account of 
this experinmiit. 

The fact that 
later chemists have 
nut j^aid siifBcient 
attention to tlieee 
excellent statemontij 
of fact ill no 
dclraets frcun their 
excelJence. 


CllKMK'AL 

Ape^RATCa 


^ Id Win f dm At>cut[ a****"™^^ 

ffmt Sica m hm0diiiKrtiia4k 


PL.\TE ty 

4Mrfi€ iraterJiKifA Jof fii»ti{l4iitv/i. 
BniJW4'hw^''l(+ flixteJiitll ^?entiiry, 

TIms ii-OHjclt-n fzontaim b honting (idnvO of iioppcr. 


There is a li 
ail undance of in ate r- 
iai for estahilehuig 
the history of 
cl le in ical apparatus 
in this perioch 
esjM^'ially in the so- 
called ** distilling 
bcxiks/' of which 
that written by 
H i e r o II y in u s 
Bmnscluvyk (Brun- 
gchwyg). Hisilescrip- 
tiotis really belong 
to the Middle Ages. 
H i n e e 


appeared in la(M) (or 13(>5) anti the Appliances deBcribecl are tJ 
fifteentlL century. Some of them have already been mentionetU 

Other distilling btx>ks of the period arc those of I’hilipp UUtad, IS36, 
Piedandrea WattIuoU, 1&++, Walther Hennann Ryff (Beif, Bivins), 1545, 
Konrad Gesner (Enonyuinn Pbiliatrus), 1552. Adam Lonicer (fj^mitzer), 1557. 
We may mention the glass vessels used by Brunschwyk for digestion and eireu- 
lation, the latter of which may he said to act like a reflux condenser. The 
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KLAIE !*(l 


SUtry irith iXm’tr ttwi du tHpr/w^. 

riiErip|> ISaO lixmtmotitfly bilnun:^ ivclj usti^iik' sluv^*)* 


iiujL^t ijiteit^tijig of llipiic !» tlii^ 
]K4ioan (tlie preserved ex lUii pie 
is one of ItaJjan origin in the 
lientsehes Museum at Munich, 
vviiile tlici^e is a dmnaged sfiecinieu 
iu tlie Ccrmafiic -^liiscum at KiirMi- 
lierg}* Double elrcuialitig vessels 
ojjLsistefl of £i»irs of retorts or 
alembics viith henils fiisetl uiip the 
f Jell very In lie of e^icli o^jeniiig into 
the tubes of the other, d'aijeririg 
vessels with an oj^eiiiiig at the side 
are dmraeterktic td this fieriotl 
torigiiiaLs in the Mu nidi and 
Xuremberg imiseunish 

One of the most im|K»rtant is 
the iso-calleil Mtjor's head ilis- 
tillatiori ajipamtus. One of these 
illustrated in Brinischwyk^s hook 
shows the wludc <listillation head 
iinmersetl in tlse cocjling water, but 
in most eases the iioollrig \‘esselijnly 
surroiintlfc! tlie dLstiUatiuii heath 
rather like a tiirlauL The liquid 
to he distilled was pre-lieat&rip and 
the cooling water was t'cneived 
when it beciiiiie w^ami, and prtj- 
hably ran ccmtiniiously when pod- 
sible. Tlie same point* arc sbo\ni by 



PLATE ST 


BalnrUtn MrtrpV. 

With fljmnf^mont fur flUrWillg. 
Fmiii tlu^ bodk uf Oualtlipriiii 

KrAnkftin , aistcviUll 4:^itiiry- 
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l»4 

FmiiCp (aVpfMit VL Dariut iKml n Mtxjr'ii "" 

with spiral t-i>iKli?nKc?r is iilujwi^ hy Dtjmkp il'Eremita find Fertum 

(lh2,'5), Thiy fmt'tinnatiiig effete cjf tht liistilliiti^Pii heatl dtn^ nufc of i^ourso 
cfschide the ecmdeni^iiig netioii of the spind t^mdeiL^r, 

romiibte iitiliwitlori of the material l>eiJk^? extracted wm often eiit^iired hy 
eiduibatloii, i e. the dif^tlllate was allowed to run back cm to the materini, 
lie|>eated redistillation of the distillate served to jnirify or rcHne it* Thiji 
gratiiiaily bceanie unneci?ssary as distilhition apparatus* with a reotiFyliig aetioii 
wafi introcluml, Ijtiiuter {1573) shows an ii|ijjaratiis with u second flask 
liisei'lefL heiweeii the distihiiig vessel and the condenser, but it is uncertain 

whetlier this had any recti- 
tying effect, Thifi was. however, 
certainly^ the t'ane A^ith the 
arrangenieiiLs illiLstrateil by 
Kuonymns Philiatrus {K. 
<ie?ner)T and still more thos^ of 
LitiavjiiH (Idfat), A£}piraLiises 
effecting a I'raetional distllla- 
thm int<J two or more receivers 
are given l>y RyfT (middle of 
the sixteenth centuryh Liiwi- 
viiis. Porta ( lUOtl) and Dtniato 
frKreniita. DLst illation in 
st^tii with a scpartite Vesj^d 
for generating the steam is 
descrified by Loiiicert tJariot, 
and others. 

^Ve have alreatW referred 
to the continuously burning 
stove wit h a tower for replenish ¬ 
ing tJie fuel, and a j^inular 
stove is jJliL^tmled by Leonardo 
da ^ 41101, fiiterest 

attaches to an appamtus of Rninscbwyk for water-bath dbitillation on a large 
scale^ in whi("h a laige wooden versel is heateil hy means of a eopjujr dome let 
into it* 

0* Kvff (iinddle of the i^ixtcenth century) describes simpler but obviously 
practical apiparatuses, e.g. dibikt*& (distillfltkin head with tivo delivery tubes), 
spiral condensers, and woorleti water-ha tbs with metal let in for heatSiig, 

Ilhistratlons are often tbund of duifitfation ap/ianttnseA out of 

doora In herbal gardens. The earliest pioture of a herb garden with distillation 
apparatus (Brunschw^^k, loUO) contains only simyile arrangemeiiy. Other 
iUustmtions give a very iiiKtriK-tive ineture of the preparation liiifl treatment 
of frenh drugs. The stove often contained clozeiis of lileinbies of glazed pottery 
with gliLss heads. Sl^ecially fine illustrations of distillation apparatuses are 



. i^Uii-uin Miwin'. 



2, Adukiair ■wjib flfdi' 
tflDMliy : nirtiijliknci^. 



3 . Oung bnth »m\ 

WMi ^ 


4. €iLiinj>3kia*!tl appiir- 

aim fuf Ufid 

ipt't ifvinjj. 


Thf it|u3tnit<>il \ w>tp i* ortci rtf itu; 

enrii^^t ii] i|:iArfltkifi&Tk tor nx-lkfl^Al kin. 

PLATE 

f’AnTTiird^ Jmm 

IEH-6 : l\«. X&liKrftI fffirnfr {|i&lG-1.1Sfi). 






















Tlw i-arluvt (iictliTf? uf a }H.^rbal with «Iidtillitlian [nlt^Tiibic nnd ttti\[- 

KnihJ]!; Hinrfin^Tnufi HninA^hwyk^ nt^nEit 



PLATE 

Larfff v*:itrr-hnih v Bmn}^c^io^ lAlO. 

Hw which hftalA thf watfiir^haih is at j^rtniiifJ JfcfSVl, Tlit^ vr-»tcr-bath hm\i 

lA in the fin)>| fliH>r tif a lintisK". ailEi ii of wuixl with im^tAl ]el in for lu^tin|f. 








































PICTORJAL Hl.STOBV OF CHEMISTRY 

PLATE 

Z> 4 >|i|^fp<>n frith 

Tlu.’ i'ocKli^ii.i 5 fit+> is flpnin Imkd iii cml**r tfl tn^troeuw its pprm^fPtaj^* 4'iiiiletiT. 



hiMtiSiafian #^y*Pep^p «*4 //h itPP'^ /mr- 

rrmrfrPifFUll-un. 

^LLLwviiw+Kraiikfiiri. IfHnJ.) 

Wi' Mt.'e f rJi^niinj: vi'skst^i F, pTnAx'il in ^Jin-rl +'»«■ 
lft 4 M witti iIm' rJrr^r The 4iF4lil:la|i:! foniu'd: ill Ihi- 
AtBiiibh^ C'. ili>\in throu^ih >«f^voral frn^ jh^nnl 

(■imtii 4 ne 0 rH K 1< K, wllpr h ore Jn'nU'ii hy tin- Um hv 
nM’Ofbf oi Ihp iidiiiiitohln €. 

inf' to Libnu t>ir‘ pomieiiwlr in ihe 13 rat n\'vivirr Ip 
n iimti^rinlrmtiirPn whih' ^uljserjiwnl i cnili^ie 
H ili'iS PriJ “ ttpiriUM^tlP/'iinil llm iup wit volul ilf- 

lirtMhbt^l v*jih4^tflin ihf* tiiinS ir-iT^'iver M, 



i, ViiSeni ini>. Trim? f| | rfckortqt eif An t iinqiiy 

LhIihIiieIp lll^rhr) 

A Funioi'i'. li tteEcjn. C Jieivivdr. 
l> tJp’n lulxi of mtMlenite w'ldtl-L OFi 
wbicii iIh* 4i1eFiibik.' Ilix. The funini'e 
K n>duitiifl li-hkir L'onclensr. t# in tlsi' 

r\'ieciv<ir nniil (li^' oleEnbli* 


given by Loiiiwr ainl in the bcriMil of TulicTiiteniontuB, In cases we are 
donlitig diielly with the intciiiit liistillation of et'hcrcfil oits. 

As in nmny ntiier things, we enn leani innch iVunw /fmwtfwmo in the eoti- 
stniftioii of ai)pnmfii«- He cicstTiiasi liLstillatiori from beU-shiipeii vessels of 
cojr|icr tiiinetl internally, nr of glass. They iiad a delivery tul» xiiid rested on a 
suit able dbh. They were used for making rlietilled water* Ac«jnling to B*. the 
ortlijiary ilLstilling flasks and lieafls ctiuUl he made of glass, ^jottery or tin*|dated 
copper* The glazed tlasks for ]iin;imring iiitrie acid were covcrerl with ebiy and 
eoiiM tlien be lieateti by a direet fitinie. B. also distilled from the vvater-l>fttli* 
which could be a copper cauldron or a wikkIoii s"at heated from Iwlow by a 
piece of copper plate let into it. The diirig-bath consisted of eliopjjed straw 
iiiixed \vith honwHlung. It mkiIiI be still better heated by passing steam 
throng I) a metaJ pipe immeiveil in it. B. whs hIikj aerjuamted with distillation 
by means of a concave mirror, as were lionicer arid Idbau after Ivim. 
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PLATH 




The li^ft-htlnfl picture flhawA n \nrf^ bflitprl>^ w^iich wlihjctHinl |u i-oujiidi-nMc Airct^lin^ oti 
ii£>i>OLjnt of \ta Liupf' aurfa^'^. Above ihia u» a ALill-^kcnd CS, by cOcilfhg Wiilvr iu u 

iwitikinvr y, Ffiiiii A aiiutll p^rt-roji of di^tilhlle- ia frai'tiv-HintHl inMr n Airvnll rtN.eive'r 
on thtp li>fl-luLnd niticv part pdiA^^ into nrb nir-taKklinl i^jiiml, aiieiI EfuMi tlirouj^h ftjo 

cooling 1+ into ikio wlitAiTicr K, "nijrf fciiiiiinkiip* v-fipour romlcikiicrt in atill-lii^d f-, 

nnd \s rnollectcd in the Tiecciver >L 


Ct/mhrn^ air oPirJ uriUr 

I>onnto dTKreniita dell' KJixir Vila?, ltVl4- 


qfpnf irpirui t^rvft-nwrr. 
FumMrn, Cliitur|^iii\ Fmnkfiut, 

The ** lieild in raiiEinuniulv Hlfed. 


Accnrtling to Hiriiiguoeio tlie Ijest apparntiiw foi* preiNiiitig wpiritH of 
wijie t^oii^ists of a tijiii^l Lt>pi>er bijiler with a vertical tube Httefl with es^tetLHJOTLH^ 
At a heiglit of four to six yanls (!) there b a truiigh of copper or wood throvigh 
a'hieli the tube |ja^s spirally and is cuoled. Above thb there is a stilt-head 
with receiver, (Illustration fruui Biringuccio, flerman tmiislatioit by O, 
doliannserb p. 41 *1.) It b not quite clear whether the estensions reprej^ent 
attachments for fraetioiiation. (The prepimt ion of J?^pirit from grain was carried 
out on a large scale in 11^21) in W'ernigerode and other jdaces.) 

B. als^s deseriliea the preparation of spirits of wdne using elongated bell- 
Nha[>ef] vessels (per mtnpat^m)^ the ^lelivery tube jmssing spirally through 
the vessel with cooUiig water* One distillation wfu? not, how ever, Huflifient, 
and re-dbtillatiijn hacl to he enmefl out. 
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PLATK ^7 

raiuif triM ri+ 



fM PI /i^i^ ttirfdPttiHff fire Jmciivn^. 
{i.ibfiviuB, Ak"h>"rni«kT H'muJii’iirt, 



frj|pi m n. 

{Dtiavi^lo ii"E!rL'!rf>il«, dvlY N'itif.v 

N4i|7lp»4 lf^-4-) 


A IdiDwIiHli^ nf rraclicnid dii^UlllVtkPii m iiwt with in thi? work of t>kP gn?Ah?^t ftin.1 

^v{*iitH:!nth wrilL'rK i?ti iJiMHIliitiDri, and Is i^iearfy illijittmleKl by iHrltmM. Tlit" 

right-hand ^hown H biillxiuM frACtponatiiiig i'uhinirii for ohlaiiiitig frt&utJuiiHL 

lurt-Jtand u|jpuriiiUHi aIi«o provides ttu?^ po^ibihty uf ;S£.>^pnrliting tlie diriitililato ixito five fraerjoikHi 
nf ikifTofvnt apevdio Wi.Hg.htk4 At tiiv but torn of the fanmee thpra are twri umiill fbaj^kM ftpr the 
purpewe of Lllatiolk.^ 


Afconljng to B. less viilatile dbtillatt^ii (uiJs) an? better obtajiietl by iisiJig 
retort.^, which van be placed dij^itly in the tire provided they are eoverefl with 
clay. Thib method wilh used for cpil of i-itriot and re^in oik. B, abo burnt 
Hiilpbur under an open bell-jar whieh served to letain the vapotin#: tliese 
condeneed and mn out into a receiver. This ptiK^e^ h the forerunner of the lead 
chamber method for obtaining aulphiirle acid (ef Biringuecio, plate L.KtX, 
p. 4IB of the Gcrniari translation). iJomiward distillation was employed in 
the clifitillaticpn of wixid : the earthenware vessel had a aleve-Jlke bottom, with 
w 4 >od slnvvings above it and the receiver l>eneath, B, earned put snbliinatioii 
both upwards and downwards, using flasks of glass or glar.ed earthenware. 
If glass waa coated with clay it tould be heated directly in the flame without 
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an asb-bathi. In thi^s wny he obtained oorrosive aiiblimate. ^ arKeiiie and 
cinnabar. Besides tJie ordinary furnac'es (vvilh or without bellou e), B. mentions 
fQU?er fitrna€£d {athanors}. Tliese had small furnaces afc the side which were 






r WpiKr 
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PLATE m 

V[LmKiiu fqmu tif dktillatian CH^-iatury, frrUri ihty liorbsJ of (15:15 

odilico). 

In onli!!' I<i rrovi<li« for a blri^ nninlwr of diHtiliaiiuD vnssiflii in ata? funun^e llp^ lather wm 
Luai la iHsvt?rBl tl«r» {tlip fiuruiri.^ bcEing; rOiiQil, ^{iJJLn.* or dtraji'ht)^ or Munctiimm in. thr fortu 
of n or i^ptraJ atnircajsi;^. Thf^y wcrrr uacd chieAy for ahtainln^ iflht^rral oiIh, Kiwh 

aoAk rontaiiued a diJfEiFfiit prcMiuc-L, whiidi e^tplaln^ tha |arn^« loiailjor. AroonJing to Itirbi' 
^ucoia Uuiai? funuii,NE^ ai^ rot to ba stpepliilly 


uived for distillation, e.g. on sand-hatlis. The side furnaces were Kttod with 
adjuiitable l!iie^ for regulation. TJiese tower furiiaocs ccudd also be conibiiied 
with drying apfianitiis^ water-hatlis and dung-hatlis. A. Lihavliis and L. 
Ercker give many ilUistTations of these furruicoa, with details of their const™e- 
tioiL 





t'Aai/j icoi : Joti. ^inl^i^nwf^. ^rjtlttnih ccttturtf^ 

In the rf^ntm n Inrgt'^ wat^r^bmLli witlli alomlilc^L t>ii the right a hofKl<-b(Jiapcd 
In Bi'tian, a not iii wriifin : abn a iiiQxtuj- wEUi tlu^ 1,1 

rod. Ill tho riglit hinjkgronru^J isi n nfiil hi the Tfrfi horkgroimil v^n othmci^r with diw- 

tLllation n|3|iAnitii;^, in fronl {if which in A ^tanil fiir U>ril|g. 


disttllalian 
1,111 mt utaHtic 



PL^^TIC *h^ 

titr/hfrt : I*ftrt Erur^M, rnixmnth ctnfr^rjf. 

UliH picliin< Jb ct gn^at interest. nirtec- tlu* Kruall cliiMnh'nl ajjpliant’i=4 df'<j>i4.'lc4J 

very rcialiaLitMiliy, ^kgu in^ dut^il^ w^Jiich sre ab^onl froiu bookM. 
























FLATE 5)1 

Vhctnii'al iuhoraifrrtf, btf D. Tfnim, mtni^enih 

Fim- Kivup of fbinimw wJlli difrtiUil^g Vtn^Sfl i of Brwniflh 



PLATE 1>2 


Chfmiftit fcfW<rfw^, peiinitsd by /J, T^rtiVw, r^yr^. 

Fin* funiBCv With flrBui^ht-hood and vorkiiis »tiIK En tly furTfavuncI «till -brndtf, 

Tvtortg, nnd iiiany other jippHiin«^- 
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JPiiifllly there "WTre nho tall iVirifiaofei r^^nibling domestic stovKt, in the 
tilet!* of which w'cre inserl:^ small glass distilliDg flasks w'itli glass stillIs, 
often aa many fis hIx tiers above one another. They were used for the simnl- 
taiieoiif^ dLstilJalioii of frevemt sorts of ethereal oils^, Blringuecio does not 
recommend this t>T>c of fnmacej since the heat m different in the different 
tiers. Excellent illustratinns of them are given by Matthiolui^ and in the later 
editions of the FlofTeiUh^e pharmacopceia. Such H|i]airutuses were actually 



PL.ATR SCI 


infilling fwrnft^ : fHi^uhcr^ 

From Fuml tlctvi PhiStMuphict/' AciucU-nUuih. liHH* 

Funuicv nfitSi oti iraa UUtiUinjg pwirpfutiiELMl liy ]:Mtucl||l^^ Tlic 1 ^ a tT!U>ri> witSi 

a Ikcl and tiuf' niCHfiiver i« ot At thp top ot itic pit-Liiro h A Hccticm oF Oki^ Ktill ftiul a s'icm' 

fn>i|k tilKivc, On thr rii^liit tlin* dutiJlLniE 14 dbuwn ytniMJini! on nn upen fim. 

Aj>paJ'ntii4 For obtuiniih^ hyamchloric Atid from oontmon nalt and rndphuriv floid.. 


ijswl, since they occur in contempomr}" pictures of an Italian phatmaey. 

En^ker (1547) u^l retorts in an nfien furnac'e for obtaining sulphuric 
acid, and gives pictures nf tliem. 

The most complete review of chemical apparatun is given in the cliemical 
treatise of LibavUis^ where practically all contemporary aj^ratus is not only 
iTientioned hut also illustrated, in this respect later authors are far inferior, 
even in the ease of tlie treaties of Theimrd or BcrKclius. There is no corre^ 
apoiidiiig hiiok at all in modem timeSn Libavius ckiisifics the apparatus intti 
groups, e,g. digestion and cjrenlatiou vessels. f^till-headH, flunks and retorts, 
cnicihles and cu|}elH< auxiliary instnuueuts of all kiiirls, vessels for testing and 
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b^epamting gold, an enonuoiiH variety of for distillatiuii, gublimation. 

deliqtic^renceT cr^^Eatallliiatioiij .^paratiott^ filtrallotit destillatio per ladniaa/' 
arrangements for c 4 i-lcinatioHj and furnaL'es of all, C8peeiall3^ of the eontinuouBly 
burning type* 

Among the ajj|jtirfitUK of Rudolf Giauber^ his arrangemei^t for preparing 
liydrorhlorie acid m wortliy of £>peciaL note. It consiiit^ of a closed iron retort 
pbice^J direct!^' in the furnace and fitted with ii large gljiss glote covered with 
water. GlauberV vcasel for storing acids, uftiug a mereur\" seal* abso notc^ 
worthy. He also employeti nieclianica] BtirrersA 

There are many fine lalioraloiy pietnres from tliiis perkKl, eepccblly those 
hy Erc ker, of which a laboratory for making acids and an aradytioal Laboratory 
are the most interesting subjects. TJie great artists have also hnniortalbeil 
chemical laboratories in several instances, and although these pictures usually 
represent iilciiemista^ laboratories, t he tLsual chemical ecfuipnient is lojrtmyed. 

may mention the paintings of David I'eniers the younger, at the HagiiOi 
Dresden and Rmunschweig, the hitter being the best- from the technological 
point of view. TLiere are also paintings by Adrian van Ostade in Loiuioni and 
bj" TJi. ’IVyck in Dresden, Rrauinscliweig and Karlsruhe. There arc still further 
examples, Teniers in particular having pixxluc'od a inmiber of other laboratory 
pictures. 

Finally we shall give a ir 0/ / Ac appartituis mtd tqnijmieni of /A* 

chfmi^ i?i. the seveftieenlh cetdury: this review was prepared by the aage 
Athanasius Kircher, and show's elearly w/mt /Ac of thi-n period did^ 

and irhtit he ^corked ndtk. 


The Egmi's! en^t oi' ( 'h emistts ix the Sixteenth and i!?EVEXTKEXTH OEXTrRiEs 

L Ap^xiraiin^ 

A. 

(ij) open 

1. furnaces 

2 . Rellovfi^ furnaces 

Cemeidati&n ftimace^ 

Be verf^enitorp fa ntaees 
UissolWng furnaces 

for upwartl distillation and sublimation, 

dry : f vrnare ^eiih disiiUin^ ftast or sand-batk 
wet : funnice Avitli water-tmtli 
for doienimrd distdlaiion. 

(A) covered 

1. simple : aihanora 

2. tvLimjHnmd i furnace with auxiliaries. 


^ DlAlystfl (ptiriflcatioii at liciltM rt]5-b|*ddi>T| wa# |iniijLwed UL'arly ili 




PLATE 0* 

Frum the HHiurici t^lbr^tion, iUJlj?, 

At tiai^ t^p u Inna* fliralbir 4if gtvffciifllt gln^i fitirn llie plwntm^y 4lt Hallo, ItoJow tills, one 
<if pott4^ry EiMcilx«r)f* hjiiI at tin? liciltam im aWiitiie of tin (with rinn) from 

nrunot^k. TJio two kohlII fliftinbtra of o|€»Ar oil Ilia r%iit mv ftotn Zwkkau^ oiuJ tltfr 

HiiiiUbitl (with broken ijoliv^iy (ubo) from Hodn. 
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Ml 

4r 

n 


lili. 


5-*. 

21 , 


II. 

U. 


in. 


3. 

15. 

HI, 

7- 

L 


. Sii^ll If4'ni343tbi I 
Inn? H^rm, for lip 

n flliuw by rtlHi>:!iiir 

An (>aitb?iii^-nn' jXii with 
B. Ih>Ii^ ill till' bottom 
liiron}£h wlui^li iJko xicir^lc of 
tbo Tliiiik Itk 

fc^Lmcjuiul^l by n fl tT' tlliElL 
tb& |rini*i( W'fcjiEiMw ^rt, 
w"bt^^i it iji prcnsswl lo|Il»t^w^ 
w‘t|.h pinrrrH. 

, l^pihrntoriiiin. 

funiiol (idElnK-^b 
Pj-TToniiA, Irtni tpii>ijJ«I for 
rnntio^ w n?|7uhih. 

, CYliriljiitujD. ifekJdsnikitliM' 

«^rtl^Jltlo mado frtirii «ipciTinl 

elny. 

FIlloIo^ Phiiil for nx-lify- 
in^ r^pirit-K of wirw?. 

V^jWiIu. Coal toi3}C4. 

Vflri CuptL-nm |}|4l»<?o 
MnrtH' dioAtiirfi. CeJff|K^ 

^'lesiswl for iiH wjitor- 
bftth. 

>^ypliOii. f^ipliori of yihcet 
llUittOl. 

T4?|!uEfl. K;4rth«ti w-nri^ 

Exir-ipiiluiii. n?- 

iNi^iVor for umk ifi ifiMtilUng 
^pEriU 

Ci3?ciilntortiniu Cirr’iilrtl- 
ing v^aj^iI. 

t'OMrl'kii. di^fH:!:!!:. 

AO'iilii. Siruill woucji^o. box 
for kiwpin^ dry Mib- 

Bt4£IC-CM, 

VaiiA dirAIn ^ocivtioni 
iKjiiamtii nb olobi per 
KJIyiduiiuin. for 

pR'puratin^ wnti-'r And oil 
by TnoAti^ of i'olton. Thr 
oil ipjtlnftneil from thi^ 
inniji vr^cd by iiH?un4 of 
W'k^k nfirJ riuiH into 
H ifninil liu?4k iittO'ClviKl to 

the iiiMrk tif tlw lur^^ unf. 

Mola ChalyiH'u. Suvl 
ailillj^ for piilvori^in^L 
rdU^riiirii. FuiiEu^b 
AltTfinbit'iiM cm.T-Lifl, Owtul 
At ill-head witi^bofeit doItViTV' 
tidH*. 

Ahlnbk-ua. ^^tlU-bt.'ud with 
dolivwy tulir, for Rttiii^ 
on HiirilfA, 

(-^inriiiipi (Ki.itoftaJ. Rolortn of ]£lA 4 f« or |;ock 1 «artht?iiWH.n% for dint ihi Off. 
f'Htimjjf, Cixpol (htiititbfK far ojtb<?r huuhI^ bath or wntor-lNilh). 

C-nm|;»mui vkjo«, Olim liolbjnt^ for pn 3 fmJnri^ apiritiij^ HiilpbunH (niiJpIrijrie fiflhlh 
i* 3, V'ariokjA Icihrl^ of fyniaj.-«i (A:^y furtUK^ IMW wilh iititajior)+ 

bViTiini ditAlixm dii^indjRiiiILi Vitrw. Iron im^^tnxkiwnt for l^Uttili|^ gln:^. (Tlit^ to 

hc! r?oi i;4 Hurroimcjod by ifw,-! roil-liot molol ring: coki W"Al^*r fe tJsun appliinl and tllo 
gtai« bn?«k4 wtwro tho ring lia.4i toucrhiHl ltd 


i 

VhATK m 

tJfUfit tipjilinttf^-9 far a ibFwrdfory in th^ 

streitUeniA CJSftivr^f. 

From VolUulndigL? kltirl Nlilirplriw ApoUfeiko^,"* by ■!. 
Ekihroeiil^r^ publLchiMl by IJnniyl Koitrbwiti, XtirnWr^/ldM. 
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loa 


B. 

(a) For heating 

1, Of specified material 
(a) 

Phiahi circulating pelicans^ dfji>ta (double pelicau^ 

or hti!>thers philmopker^e egg 
(^) mineral, metallic 

for refining (e.g. by dry distiUatiunL 
JtdJsH (vesica) 

6oi7ef^ (ahenum) 
for fusion 

maitlfh (infundibulum) 
costing-cone (iiyramis) 
ertr//ie-ii«Trtre 

containing the material itself 
for fusion 

a^h cupels 

crucibles (crucibulum) 
not for fusion 

ccfnmtatwn bax 
containing another vesf^el 
mnd-bath 
mtijfie (tegula) 

2. Of any materiaC 

^ alembic leitti deliterg tube 

dosed alembic 
Jtasks (euri'urbita} 
retorts 

(/>) Not for heating 

1. iStorage vesseLs 
receivers (receptaculujii) 
dishes (concha) 

2, vPKHels for transferring 
funnels (tritoritim) 

sr.parat ing funnels (Ke|jaratoriuiii). 

IT. 


A. Instruments 

(fi) for use in iJie fire 

1. necessary 

poker^ coal shovel 

2 , optional 

spatula, fnnga, ladle^ glass-cutier 


.SIXTEENTH AXl> F[RST HALF OF SEVEXTEEXTH OEXTt'RV 107 




PL ATK m PLATK 

DihI viWfSt’k VnrbDUH of hi’iH, ^vali'r-liiUhh fiis J f.'hrtrnmi ttpfutiviiiiM ; KinrhffT ( 

A, li AllnaiiorY!, f* DiHiiH^rtirvti liiK'nnK yf a B'lanitiivy 
LpwftTil, ihwnvrnril ftiifl Ifltfnii fliNlllSntkni. tuirriir, {}. E, K StiJU wllh TmvXhrmiXm. Ih H. 1. K. M, 

Atfrtim*htM Hinhrr, MlilA. Di^oniEuii mid rln^iilnUatk L yvyii. 
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PLATE m 

vj MJtit■ ir*ntar^ I'hf.mUK 

Th(f^ V 4 ilib» of thif^ piftiin? Iktti ui thi« i]i4i[ dvo-ii Mitiin miii uiiiinponAjit nn^ fiiitlr- 

fillly In thifi way onwrpv which lirv nnt tbou^ht ii'Orthy of tnOntiun hi 

tivtttssi'H tJn the iMibjWst. AnwrilJ the mope ImportoxLl objects illuRtTatfHd are 
rumoccEf, muffle, rimiktui^ ve^wei, nhMfl hir. ttialen, Vfi^lw fer pwpttrftsiona* 

with rhoTBrlvrurtie 0to|:}|)ertf, xpilh nud tirvih^r 

(//) not for me in the tire 
wooden, 

Ihjt^pfra (for protecting the eyes from bright objects) 
Titetaltit\ 

tesiivfj foHf wwr/ar* 

B. SovrxeJi tif hfdl 
(m) iintural 

rays of llie sun 
(i) nrtLficial 

for digesting (mcKlerate) 
afhunor^ thing-bath 
for riepamting (stronger} 
distilhition. anh-bath 
strong, indirect 

sruid-bfitfi, bath of iron Jitings 
strong, direct 

coat fire^ fames. 
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The OrERATioxs of C'kemists in the Sixteenth 4ND Seventeenth 

Cent I'HIES 

A. Ohvmiral lihemHmi (sofntion) 

I, Cahmalion (involving fL{^Ci>iii|Kx^itinn, hiteT MometiniCfcS t^nnetl o\kliition) 

(а) Corrosiwi 

1 , hij of iUnth 

2 . btf ^xiuring. filling up 

in tlic wet wity 

QViatgnmation * prcttjntalifm 
in the dry ay 
cem^i^tafion 

(б) Ifffiiiion 

1, romhtistion and vifrijicaiion 
2^ rev€rf>^TaHf>7i ami incm^ratim^ 

II. iJissfAtriion 

(a) Siiblimaiian 

1. by oi^emtions of short duration 
(«) devaiim 

in the dry tvay 
mMimati&n 
in tlio wet way 

didithtion tipAi aitb with nlenibic or iiask 
aide way a with retorts 

ifi) descemion 
hot 

dbu;/I u^ird distillaOm 

cold 

draining 

2, by o|>erationa of long duration 
(*) ^^Italian (improvement) 

circnIaKon (in a pcUcan or closed alembic) 

<ihltdiony by de/ig«cj?ceaee (dclicjilium) or fdtmtion 
ip) digestion 

putnf action (fernientation)p t^Mradion 
Liquefaclion 

1, s^in^k 

2. analytical 

test, antimoni/ test 

R. Ofiemical c<M(fuhilion 

1 . fi^ai 

llr in the cold 

(а) crysiftliisaiion 

(б) sejXiration from jnetis^ 
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For comparbson we 8 h 4 ill now give n thlnl t-able, in wliieL the operatiotua 
of a ehemiist of this periiid are reprEsssenteti Siomewhat fUfferently, an attempt 
being matle to classify then^, especially as regard& the changes of state involved. 
It bs almost to be wished that a moflern chemist would attempt a aimdar 
elaasification. 


The of 1700 prepond :— 

I. LiquidJi from rfo/iWs » 

(fl) by solution 

L with liquid solvents, in the wet way 



PLATE m 
U»rin^-rup. 

EJegirniifif: cf ttw Fmin l\ur C^tle ^tuLWunk, Iterlin. 

Sl^OWiag A viftw nf a lAbormtory^ 

2. by fusion with salt-like or suliihuroiiis substances^ in the dry 
wny 

0) by extraction ([wirtial sfilution) 

(c) by amalgaTnation {solntlcjii and Uqiieractlon of metals by means of 
mercury) 

(rf) by dchquimn (deliquescence by atmospheric jnou^turc)^ 
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II. Solids from liquids: 

(fl) by eoagiiktion 

(i) by cvapo^tbtg solutiDfiig {inspigsation. ab^^trac tion) 

(c) by en'^tailiflatidii 

{d} by precipitation (by the addiibti of cheniical substance iLnd 
M^Iution^) 


HI. He split tip Siduflan^es {especially into theii" eartli_v% viscid and aqueous 
components) 

(ff) b3'' digestion (maceititton, warm) 

by fermentation (which gives riae to alcoholic spirits} 

(c) by putrefaction (which giv^es rise to nrbmry anunoniacal spirits) 
id) by clietillatiDn 

1. dow nwTirds. desc£nsiim 

2. upw-nnls, from flmks 

3. sideways, b)' means of retorts 

(e) by leetidcatioii (redlstULatiEin, cohobation) 

(/) by dephlegmation (separation of vaiKiiiTH by condensing the 
higher boiling fraction) 


IV. He fmmjortn^ aubsfanciis in virtue of their instability to fireK and ho 
changed their stability to tire — 

(o) by snblimationt giving 

1 , fine poivders (dowen?) 

2. solid nioKsee (subliniatos) 

(6) hy volatilisation 

[<j) by fixntiuii (partial or total removal of volatiJity) 


V. He chmyjed the continuity {homoyeneiltj], and in the case of rnctak the 
metallic character (e.g. ductility):—- 

(a) Conthiuity ivos removed 
(n) by calcination (later termeti oxidation) 

1. by heating in a tiame (reverberation) 

2. by detonation with saltpetre 

3. by heating with salts andgnlpbiirEiuftanbatanees (C'emeutation ; 

also uorroeion of metals by sulpburp arsenic^ salts, etc,) 

(&) by vitrcfactiDn and by cupelJation (melting a noble metal alloy 
with lead in a cupel) 

(^) Oontinuity aw restored 

{a) by reduction (recovery of metals from their cals^j also the 
reconversion to their origirnd state of other burnt substances} 
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(b) by reTivifactioii (In tlie eawe of mercury this word was iiscd in place 
of rcductiori). 

TJie attentive reader will find niiicb valuable knowle^lge in the above 
tabled 

■ T1«J systf'm Twighifi umctl wAtf ntHl tJwt uF Mie an-C'ifint«P A Trf^inwi caiiiflinrd ^iiEit^ 
1^4 lots, Oe ilr^izihinA. Acriipl«fl, 576 bbolu^ 5.660 

IHie NOrnberS F'^nd m I65m1 wiu gruimi, and tluL' iiuni'v lt'A» 2U'H tvhilr 

WiH^tijun poiutd wiia ^ I ^26 gtlur 

Thr Homjui nmtBurc>a of lii'ern ato 



Frfrm ''' TMjrprnftttiCfnnm AuMiritiCe-VirnmHJfi/' 1770 . 


THE FOUXDER.S OF SClEXTlFiC CHEMISTRY 

From Ike Middie of ibe Sevett/f^enih lo the. End of the Hirfhieen*h Cenf tirif 

The cliicf oftliLn bt ihiit the KeiciititicchoiiiUit acquiree! 

luid retiiiueel a greater iiiiportatice lliati tfie purely practical worker, it ih 
therelbre iiet'esi^ry in the first iiijitance to consirler tlieuretical chemistry, 

\\> iiiust first consider new iilcas about elements, which are largely 
i^iateil w it li the name of Rt^Mri Bot/h (Ifi^T-llMl I Boyle's view.'i on the element 
<umcept are dealt wutb thoroughly in hii* workn The •Scepitad Vki/mM, Ifi^lL 
It should how ever be nolefl tJiat Boyle's ideas never reached the clarity later 
attained by l^ivoisier. According to E, aufl Fiirber, Boyle’s most important 
csoiitribiition lies not in hiB ideas on eteineiits+ hut in tbo methoffe Jie employed 
in .seeking for the unchiitigeahle constituents of substatiees- Since in the 
opinion cd many, Boyle's work preparetl the way for LavobieFs conception of 
elemeiilK, the Huhject is one of great iii]|aortance. Bi^tyle attacked the 
jtlcheniLst's elements: sulphur, salt, inerCLiry; and also the Aristotelian 
elements water ami earth, states : * ** When a eliemist analyses a 

suhstance by nieatiH of fire, the great analyTit, then if be obtains a substance 
w hieh will burn and absorbs no wiitcrT it Lh t^Uefl * siiljihur/ If it tastes and 
b soluble in walert d ia "iialt." Anything solkl anti inaohibie iti w*ater is 
‘ ettrth.^ Any volatile aiihstance is described as ' mercury.' These volatile 
substances, often also termed ^ spirits/ njuist thus be classed os mercury, 
wiiile distilled oib which are greaisy and insoluble in water are termed 
sulphur. iSpirits of wine are however alsij classed as suljjhur, though they do not 

*■ Ikkyk' «lkd nol c-nrutidf^r (f.c. to a univt^csal iirull^'EiiU'igr ullhnugli iin netunl 

ftit'i it j.i if wc ifiiiwUi? mweb grviitcr tltun tiKiw whicla Buy hi vhM able r^^lt, 
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t fy( ele- 
y relat€fl 
ey ctJulf] 
ijf Iit>vb 


I he Jatter preporties 
and might therefore be 
better flcseribed merturj--/" 
It Will l>c I hat Boyle 
is well versed in oJd viqwh 
about elements, Howevetp he 
doc^ Injustice to the edeiitist^ 
of antiquity, at k^t the 
more cniiglitenei;! ones. Al¬ 
though many chemists (in 
parlieulur mml of the 
alehembts} may have taken 
the wortiamereurv^ :(3ulpliiirp 
salt, water and e^irtb ” in a 
literal and inaterhil sense, 
tills waa not true of the 
gem line natnnil phLiasophers. 
Boyle quotes a sentence 
from Beguin, the excellent 
Freiieh investigator and 
doctor, wliich diows clearly 


element In Boyle's senae of 
the ^vorrh Boyle must alsci 
have knoun the view of 
the Arbtoteham that their 
elernents (water and earth) 
were aiit iially t'Oin [ji nind 
substances, and the ssiinie is 
true of mereurvV^ '"isuh 
phur and The 

ancienls did not connect the 
coiitept of elements closely 
u'jth the view that elements 
w'ene nut themselves cumjilex 
substances. Boyle'a mis¬ 
understanding can only lie 
attributeti to the m literialblic 
view^a of the alclieiniats, suice 
{m we have previously showai) 
tlie original concept 
ments was in no way 
to the view that the 

not be fipUt np. All books on historiial obemiatry siiu:^ the time 
have niifireptt-sentefl ibis pointy and even present■da 3 " ebemists ai’i? loth to 


nLATE 101 

ft/ rfn /Uiii*in f-^fury}. 

Oil ay Giii^pp>f^ LIurr CollLS'tjon, 

Siminort. 

In tlir Ua-k};^unrl an in^ dintiSling rumnro 

If'irvulaf rnnmi't' with a Ihi^ nnmbfiror 
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the fact^s of the ma^tter, in spite of tlte faet that the dlsiwtegnition of 
cleinc?nts m now well j^^gnhied! 

Aeoortling to Bo^ie a aubi^taiioe is ah element only if it ia completely 
immogeneOLLH. Since the time of Ldivolsier the w’tJrld of eliemistry has TiKX^n 
under thhi speU, and not until the twentieth ceiitiiry was it slnm^ii tluit such 
homogeneous substnnt'e.s lio nut exist at all, Xatiiral jiliiloaopherH of all jieriiKls 
have been doubtful about .^iich 
a possibility + iiulding thiit the 
concept of an element as 
something homogeneous and 
iiidivUible was a fantAstic 
idealisation. 

Since Boyle niove^l in 
circles of inaterinlistic tliinkerw. 
it b clear that he will have 
regartled gold [for example) as 
an element, since he wiis iirLahle 
to destroy it. He did not, 

}iowevei% always expre^^s iiimself 
as clearly as this, aiul later again 
rejected tlicse miitenalistic 
principles; tlms he gives as 
tlie true elements of Hie world 
the trinity : matter, inotion 
“ rest. According to BiH'le 
pro]>erticif! such as colour^ 
smell. tJiste, state of aggregal ion 
con hi be ultimately tefenned to 
tiicse three principles. In this 
Boyle shows liim^lf fis a true 
scientist. If we improve his 
three principles by omitting 
" rest and allowing that 
iiiatter is one of the manift^ta- 
rimts of encrir%% arui can therC ' 
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modem views on the snhjeEd. However, these wurib of Boyle's were 
iittere<l at tticj early a date to have an appreciable effect on later develop- 
nicEits* 

In genen%l the succeeding [period {cs[>ecially after Lavoisier) ileab with 
pui'cly materialistic ideas, at first chiefly expressed in terms cd the ].ihlogistoii 
thcoiy. Til is iht?ory was not far removed from Boyle's views, 'i'lius he states 
tliAt sulphur is composed of '' spirit ns vitrioli"" and a coLabiistible essence ; 
this is in the exact spirit of tfie phlogisbiii theory. 
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PKTORIAL HISTORV OF THEMfSTRY 


After these theoretical eon^itiemtiou^ ne lutipt deal briefly with thenetuat 
practical contributions of ehemiata of Boyle’s iJcriod. J, J. Bee her {1 Ul 5-1682} 
has attempted t-o give a siinmiary of the suhatmU'cs known, but owing to his 
deficient knowledge the result is uiisatUfm'tory, He classifies the substances as 
follows:— 

A/t’weraf (mostly ores)* Affifth, in Vihich he counts only the seven earliest 
knoMn, and not antimonVi bismuth and zinc. Thcjse last three are descriljed 
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as mimralUt, most of which are ores. The other classes are mlia (salts), 
(kcompoftita (a collection of all poesilde itiorganie materials), /errer (mostly 
oxides), (niincml acids, ammonia and spirits of wine), otfu (various 

substance., including oil of vitriol, water-glaas and turpentine), Hmi (various 
mtneraLf). eomposUioneH (secret [trcfaimticms]. Only the sections salta and 
term are at all reasonable, tlie renmindcr being confiiiied and useless. 
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PLATK liM 

Tfref J. ifWt “ Afrtnf^p>i|iji," JtiiK4P. 


Very niueh hotter b Beeher^s illuHtnited eatiilo^ie to hiH fjaboraiortiim 
/jor^rt/tVe/' wliere he deyt^ribeK iit wortls and pietnreK the equipment ticcc3«sary 
for the elieniiHt, Since the list nnd the ilhistrations >xrc rcprodueed here, no 
I'lirllier description is nece^isnry- Histori<^ally it is of interest to note the 
mention of a laln^ratory overall, tobaeeu, tnbacco pipea and iberiak {aa a (Xibwjii 
antidote]. It may abio be noted that he pmescribe-s three IpaJancea (one of 
them a JieiiHitive analytical balance in a g\n^< caae)^ thua again diitprnving the 
view that Imknct^s were not useil before the time of fjivoisien 
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Si^Iiema iif^tnunentorum hbonjt&rio poHalili in^en'enHinn 
(sec Plate 104) 

From Tripti^ h^mefkm (HiSU) by Johann Joaehiiii Betlier (103?^16&2) 

J* MuflUe (Fornix probatorius)* 

2. Cu|jel£5 (Oapella, Tcstfli, CHneritiQm)^ 

3. Porcelain or glased dish {Patelb %ulhia vitrificatoria). 

4^ Catintis (Pro candefacieinla calce auri vel ai^enti), 

5, CatitiUif prohatoriiis (Cum fluxu nigro prsesertmi pro cupro). 

ti. Crucible with lid iind stand (Oucibulnni cum opereulo et predestallo). 

7. Omentation crucible (Pyxis caementatoria). 

8. Conit aI mould (Cbrnus pro fnndondo Regulo Antimonii)^ 

9. Mould (Irifutudjbulum pro lingcmibiis), 

10- Mould (Infutidibii)mn pro plnmbu vitrificato eiuesque regulo imbiitajp 
IT Metal mould for forming cupels- 

12, ilortar (Mortarium cum pbtilto) and amalgamation mill, 

13, Coal tonga (Forceps pro carbunihics). 

14, Crucible tongs (Fori^jjs pro tigiilb)^ 

15, AsKayiiig tongs (Forceps pro granb argenti et auri). 
lU, Ordinary tongs (Forceps pro oon:imuni usu). 

17* Iron rods forstiifUig (\"irgft ferrea pro itiovonda massa m trnicibulia) 
and iron instrument for cutting glass (Femimetitimi pro prscscin- 
dendb vitrb)i 

18, Iron latlle (Cochlear forr- pro mjiciendb spceiebiia in crucibuLab 

19. Iron pan [Sartago ferrea pro calcinatione Satunu et faeiendb ciiienbus 

Jovis), 

20, Chisel (ik-alpruni)* 

21. File (Lima). 

22« Ai^aying bniah {Scopic ex filb oridialcels pro mimdandb gmnb argent i 
rcnmntibua in ejii^ella)- 

23, Hammer (Ma1leu:i))^ 

24, Anvil (Incus), 

25- Vice (Helix)* 

26- Tripod (Tripua pro vitris seimratoriis et crueibulis}* 

27* Sieve (Cribnim), 

28- Hare's paw lepormns pro verrendb pulverihus), 

20, Eye shade [Umbraculmn ad versus iguem)- 

30, Trough (Situia Javatoria pro mineria), 

31, Shears (Forfex coinmimb), 

32, Metal shears (Forfex pro laminb metallicb)* 

33, Bellows (Fellb), 

34- Wooden box for granulation (Pyxb lignea pro gramilationo), 

35, t.’atwms (Ciiprena prtj wilee argenti in separafcione per aqtmm fortani)- 

36. Eartheii’ware dish (Patina figuliiia). 
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37. Bucket (Cat inns lignem). 

Caulilron (Ahenui'ii), 

39. Fijtering bag {Mzinica Hipp<xTAtis aive EiiipEiretlyum Lmeuni). 

40. Jug (Crceiis). 

4L ADalyticai balance (Startei^ doeiinastica|. 

4:2. Gold balance (Bilanx pro pcuiicrando aurcj). 

43. Ortiinary Halfliice (Bilanx oivilb). 

44. Parting llaaka {OueibuJa sopamtum pio aqua forti). 

45. DLh tLILiiig Qa^ks (Cucurbit a pro deatLllAtione}. 

415. Still-head (Alembioua). 

47. Distillation receiver (Excipiilum deatillatorium), 

4b. Glaas receiver. 

49, Retorte (Retorta). 

50. Phials (Pliiola). 

5L PhaiwphcT's egg (SubUnmtorium fixatoriuni vulgo ovum pliiloao- 
phurum)* 

52. Funnel (Filtratorinm), 

53. Separating funnel (SepartitoriumjJro oleia). 

54. Florciii.^ Husk lUrcolua vitrem pru iiifusLone). 

55. Filtering gbm (V it rum pro filtratiunc). 

50. Prepanirtioti glass (Vitrnm pro receptions ct eoiL^n^atione Mqnorunt}^ 
57. Flat glass <lisbcs ( Patrina vitrea prej rcsulutioiie per deliquiiini)^ 

5b. Testing needles {Ac us probatoria pro aiiru et argento). 

59. Aitsayiitg stone (Lapis Lydius}. 

00. Pig's bladder (V^csica Suilla cunt volumine cbonlffi sive ELamenti). 

01. Cork and wax (SuE>eret oera). 

02. Tnwd iiJid apron (iUntilc ct prsetutoriiim). 

03. O verall {Hup!irui< aive PoriMinin liiieum). 

«4. Tlieriak, tobacco, tobacco jjiiies. candles, Lour glass (Thoriaca 
Tabacus, Pip*, Candcllii, Cloiwj rlra), 

Tills is clearly an excellent collection of the most Important chemical 
cijuipmcnt. 

As reganlit lists of subslancca, tliat compiletl by O, Roth (1721) is more 
noteworthy. Roth tlivides substances into mliw (salina), iiiclutUng both 
salts tlieniselvefl and saU-forming substancea, »vlphureou8 (sulphurea), i.o. nil 
cotubustiblc substances, inelnding phlogUtoii, and fMrIkt/ (tern®), llic last 
class includes not only sulistances unaffected by heat, but also aubBtaiices 
which are partly Tobtlle when heated i this tjoiwtitutca the weakest point of 
the test. Roth subdivides these classes further, as follown X — 


1. Saune SL'HSTASOBa 

A.Aikaline: ( 1 ) fixctl (iiotaah, eoila), ( 2 ) Volatile (uiimionia and 
ammonium salts, such as sal-ammoniac and ammonium carbonate. Acid: 
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(1) Utichangetl (siJpliuric avid, dilute and fumiug, iiitm' acid, aqua regia, 
hydrochloric* ocid. also butter of antimony(2) Sweetened by tile action of 
spirits of wine (etiicr, ethyl nitrate, ct iiyl tliloride). 

B, Stili-Iikt: (IJ Snlt« in tiie literal sense: («) fixed {common salt, 
sodium and potnsshmi sulphate, saitpetre), (ji) volatile, either partly (potcvssiuni 
acetate and tartrate) or completely (nmmoniuiii sulphate, ainmonium succinate), 

(2) iSalts of the heavy metals : iron and copper vitriol, verdigris, lunar 
caustic, sugar of lead, gold salts, mercury salts (sublimate, precipitate, tur- 
pethum). 


11, iSl LPHrttEOrS Bl'BaTAXC'ES 

A. Liquid, t'olalile: (1) Distilled oils (ethereal oils, eoiiihuatihle oils). 
{2) Comhustihle spirits, (o) by simple fermentation (apirita of wine and oilier 
spiriLs), (/j) by fermentation with adderl drugs contaimiig ethereal oiis, (r) 
extracts made with spirits of w ine ([icrfiintes and fii|ueurs). 

H. Lfs» i>ol4ttii€. ^ntph unoti^; (1) Essences and extracts from vegetable 
Bowrccft. (2) Oils obtaiiieil by pressing. (3) Solid substances (resitus, solid 
oiganle substances, unfortunately also sulphur iiUfl pliosphorua). 


111. EaRTHV St'BST.iSCES 

A. Cnmpidelpfired (heavy metal oxides, burnt lime, bone asJi}, li. Parlfq 
ti^liiliiised 1;/ he^t, i.e. antiinoiij’' and its tsjiupounds, silver eldoridc, leinl 
chloride and mtast " precipitates " (i.e. precipitated substances in.'+oluhle in 
water). This is the w'eakest part of Roth's cla,«siification. 


Thk PHtAuiisTo^: TiitAmv 

The pidogLston iheoiy, which lioiirislied through the greater fsart of the 
eighteonth century, waa largely founded hy Deotg Ernst Sta/ii (iGlKt-HSl), 
This thwwy is also fundamentally a nmteruilistic cmo. It states that all 
combustible matter contains an invisible and imiJonderable substance termed 
phlogiston. When oomhustion takes jilace the phlogiston is given off, e.g. 
when copix?r hums to give copper oxide, [rhlogisum is lost from the copper" 
Applying Boyle’s contiept of elements, we should lima regarrl copper oxide as 
the clement and eopper na tJie compound, ConvenfeK\ plilogiston can Ire 
given Ijack to the copper oxide by iicating it with a suhstarnie wJdch is readily 
cttrobustible and hence eontaina a large supply of plilogiston, e.g, carbon. We 
may note iiow the phlogiston theory lentls support to the views of the 
alchoniytH+ 

It should, however, also be realised that by means of the phlogiston theory 
it is possible to classify a laige body of oxidation and reduction pbenomena 
from a single point of view, and in this way to explain " tJiem. TJiere is Unis 
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not the nlightesl: reiu^cm for ridieuling tliis theor>', ei^[>eci#illy wheti we eoriBider 
thiit it was supported by gre^t men like Ciivendish aihI Schcele. The 
phlogiston theory shed tJie fit^t ray of light upon a moss of phenomena in n way 



plate nj5 


Ororg Jx»m Ifittap iit An*\>tU'h, b^iajiio pr«fiwjr of PTT-'<U'i.^ilU'Jiiad rhemiHtn'- nt 

HiJici,. lays, royiiJ phiK^Hicinri irk tU.-'J'liiu ITIEI; diL^l in B^^rliEip 1734. 

whieh Boyle was quite iinabie to do, and it docs not therefore represent a 
retrograde step, but a very comsidenible advance on Btiyle's views. 

At this date it must have been known to ail chemists of any iinjx>rtani^ 
that Bnb^tarnres Ijecaiine heavier on burning. In onler to e^EpUiii this fact the 
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adliercnta oi tlie plilogistoii th«!ory had res^ort to all kinds of wild theorira and 
falfic deduotiona- Tlius, at-cortling to Morvean (I7«2) phlogiston is lighter 
than the air in which weigbiiig takes place, so that when phlogiaton is lost the 
subatanee will become heavier {!) Oren statea that phlogistim has no weight 
at all, hut a positive “ lightness " w hlch is able to deprive the metals of a part 

of their weight. . * . . 

The nature o/oa:fdHtio« and rtanhnstion anil the inerease in wevjM which is 
observed ivere first coinpletelv explained by 1 . 4 ivoi 6 icr, but he had foreriiniierw 
ill this respect. We have already heard of Jean Bey, van Holniont. etc. 
Waltlen also mentions [among others) Le Febure (le Febre), who, in ItilJlt, 
observed the correct increaM of weight in the combustion of antimony. 
Tachenius (IGCh^lBGH) did the same hi the case of lead, and also .1, J. Bedier 
(IttBft). 



PLATE 100 

ThwJ%infhim^f\ml t:tprr%fti€nU Jtfhn 

1. Bv dtuMilvilie iron in nitric ncstl in A C|ujuitily oF pir, the vctiiuiic tif llir h^' i- 

A Cttrtdlc barnmp in a cmiHncd quuntity oFuir m aftf'r ti rviinin time. A piLvi^ 

of i ikfuphor rwinot \m vrilh A Imrtiinjf'glaM in the rCAWliidii|C air. 

3. A jnifToriitc* in a eoniined quantity of MT : thf^ oir ncmninini? Ij^liavi'w aR in prct'cdin^ 

l•sp«nnlcnt* 

The most interesting of ^^u€h esperinients are those of John 
>[e explaiiieti the mcreatie of weight by the absorption of ttie “ nitnniH c onsti¬ 
tuent ” of air by the metal. Thwi k exactly right if we underntund by nitrous"" 
any substaiire which given saJtiietre it^ oxidising power* Mayow Ln^ eatigated 
tile matter by experinietits witli air in which a eandles, a niotiae, or lutric oxide 
produced from iron and nitric acid were eonfined over w ater in a bell-jar. 

The incrcfiKe in weight on combustion vi ai? also observed by Boyle. Unfor¬ 
tunately he gave a wrong explanation for this^ which Walden ha^i rightly 
deftcribed as a backward step relative to Mayow. The same is true of Lemer}', 
Kniickel, Marggraf^ It was not untU Priestley <li3eovercci oxygen (l"'i4) that 
the iuitiphlogistic system really hegan in Aprib 

Ijivoisier was the first to carry out a thorongb and suecessful study of 
oxidation and reduction phenomena (though we may note that Lii 1774 the 
French pharmacist, Pierre Bayen^ taught that the Increase In weight during 
calcination came from the air). 
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In order to clear up the qu&stjun finally, Ijavoiaier burnt nuinerDLL^ mh~ 
in confinerl Tolumea of air, mid ohserv'^ed the change in weight when 
eombuafcion wa# complete. For example, lie burnt tin, mercury, sulphur, 



FINITE IIJ7 

Aj^p*irQtu4 for f^ie 4iW}luHon fipw/ rjdltfiion of 
{DUpla«i^n:kei^t tjf 

phosphorus, liydrogen and carbon, inelnding diamond. In many cases he 
supplemented his experiments by de-oxIdation (refhictionjp during which he 
dLstoverefi the famous rwltictjon of water by means of hot iron, and the reduc¬ 
tion of metallic oxides b3^ h^’rirejgeii. He cstahlwhcfl the fact that breathing 
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consists tif tlie uptake of oxygen, iitnl was the first to hiteriiret tlie well-known 
experiments with air lM!iy<iw, Hales, Schcele) in terms of tiic antiphlogistic 
thoorv. ('oinlnistioiis are not decompositions, hut combi nations, and it is the 
oxygen of the air nliieh ixmibines with the humiiig substance. In these 
cxiHTiiiients 1 jivoisier used not onl.v the biilatice, but also vessels for inoasnring 
gases, Olid he was aide to show' that tile inerease in the w'eight of the substunve 
Imrnt was exactly equal to the aniomit of oxygen absorbed. 

It was also JjavoWer who cleared u|> Floyle’s rather vague concept of 
elements. With the e,xecptioiAof “ heat ” and light,” his table of elements is 
still valid to-day. At that date it was not posaiide to decompose potash, soda, 
and baryta; jievertheJess. Ijivoisier preilieted that they could be split up. 
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iilthoii^li be (lid not make the Hiarne pretlletion for lime, magnesia, alumina 
aritl Otherwise the table stiJl aianchE, i,e. aeid-produciiig elcmeiit 

fox}genjY aKc^tic dement (nitrogen), hydrogen, ^Li^ihiir^ pIitH^jihorit^, carbon, 
marine acUl dement {chlorine wii^ then eon&iderefi to Ijhe an oxide, a nibtake 
Knpt retditied hy Davy), fluorine, boron, antimony, arsenic, i^ilver, liianiiitht 
cobalt, ctipper, tin, iron, tnaiigaiiei^. mercury’, molybdenuinj nickel, gokb 
jdatinum, lead, tungsten and zinc. 

The elements are the primary substaiK'^ea^ After them come i^eeondary 
aiiljfstaiices eapedally their compounds ivith oxygen {oxides) and tl^c acidi+ and 
baaea derived from the^. I'licn follow tertiary subiitaiieea, i,e. those formed 
by tlie comhlnatirm of acids anti bases?, mainly salts. 

Lftvoiaier^a ^?yatematlc tables represent a maj^tcrpiece of the iiighe,4t rankt 





































THE FOUNDERS OF SCIEXI'IFJC t'HEMlSTRV 


125 


Hnd ill virtue of thene alone he mn^t be reekonetl ws. one of tlie brightest steiw 
ill the eheiiiieal Urniameiit^ He may ^vell iie regfinleii ns f>ne of the ftinTifler^ 
of iiioilorn etieniistry. However, there b some truth in tlie view that hLs 
nativities T\my in some t'espcets have retartled the development of eheniistry. 
Tims Wakleii has rightJy stated : “ l'h$ antiphlogbtio sciJiool of ehcnibtry 
elnitnetl oiiJy to deal cxelusivelY ^vith ponderable substances and the splitting 
up of these aubstaiiWis-” This represents a oiie-sidefl view of the sEjIiJeetv 
aJthough there were [and are stiJl) many to maintain that LuvoLHier's chemistry 
repi'escnts tlie tiiiaJ goal of the aoienee. It muiit not he Ibrgolteji that it only 
represents ehemistry regartle^l from a materialistic i>oint of view, in the liglit 
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Ttnfik iif -—impruirtl tt 

t4ib|p of ckilinity wn>^ piiblinlieHl im in the jiKtnioira <iT thn t^n/iH . 

I'hti. In hi*!' wan arranji^J rva lhat iIm? alUnily t wo ^ub^tonccs in Iho kaijw vtrEttcnl 

rujumui with ipernadjng didtajiei;>^ btMww.*fi tlit-ipi, Thi.s tnhlf^ om' thi’ 

lirtit fltti^mptM tcr i hniw Liifht un aninltyv 

itf a imitcrialbtie conception of the ivtirhl. In fact to-day wa only i-egarfl 
IjiVobieFs eJeinenLs as specially st^ible configurations of a few kinds of energy 
centres, and the concept ofeletnejits In ttie sense of Boyle and Ijuvoisicr is really 
completely cn-erthruwii, since it has proved quite inadeqmite as n strict philo¬ 
sophical coiii'ept* The old element com'ept lias lasted so lung merely becaiLie 
the relative wea^k energy sonrees available in the past were not siiHicient to 
prticluce iiiiy noticeable disiiitegration of the elementa, anci because the balance 
is not a sufiieiently ejelicate instrument detect the interconversion of matter 
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and It is probable that in the future it will be neeogiii&iHl that the use 

of the hale nee retarfled the development of t heretical ehemietn" more than it 
proiiu^ted it. 

The law ofL-onaervatiori of inius,-;! {^vtiich Lavoisier bivught hi to piomlnerit'ee 
thnngh lie did not first prijjiose it) was really a mistake. The energetic; aspect 
of the Kubject was negleeted in favour of tJie materialistie aspec^t fc^r several 
lentiirics. It is the duty of thcfnical hiHtorianii to call at tent inn to this 
nnfavfuirable asjieet of Lavoisier^e work* 

Chemiral ha<l, of course, been reeogniseti at a much eArlier flate. 

tilauber iTirnetl out exx^riments for comparing the ** nfHnily of aeici^ lor 
metals, Stahl gives a kind of displai^ement list. Howevert iSeoffroy was the 
first to publisli an affinity table (17JH. in the Froe^eding^ of ihe Freftrfi 
Aaidimif), embracing a large iiumlxjr of substances, ineliiding non-nietaL^. 
I'he table {see Plate lOU) constructed in such a way that the afthiity betwe^-n 
two snbBtanct's dcereasca with iiiuteiEksmg vertifal distance between tbenu 
TJje fable can only WTCgarciecl as an attempt, bul |jrc[>ared the way tor the mc>re 
accurate nffiiiity tables of f iellcrt (ITfiO) and Rerginann (1770^ 

Examples of double elective nffifuty " were also known fr<™ nn early 
fliitcp of wliich we may quote the following exaniples 

iilaiiber, IfiriO: common + lead acetate = lead chloride + sodiniii 
acetate, 

Taeheniua. : ferrous sulphate + jJotaBsiuni carljoiiate — pottu^siuiii 
sulphate ferrous carbonate. 

ilavow, 1G&7 : iK>taHsiuin sulphate + cakduin salts (chloride, nitrate, 
aeetato) — ealeiam sulphate -p pcdassiiiui salts. 

Black, 17o4 : magiiesmni Hulphale + potasi^iimi earbunate = inagneHium 
carbonate + jjotai^ium ^ul[diate ! uiagnesiuin carbonate + sal-aiunioiiiac — 
amnunuiiin carbonate + niaguesluin chloride. 

Hagen. 17 (IS : i^taiitim suliihate - jmtassium carbonate — ]iotaseiuiu 
sulphate + aodiuiii carljonafe, 

'I'he law that the reaction of two ueutnU aalts Icsuls to neutral snlw-taiKc;^ 
is {}ften S 4 iid to be due to pJer. Benj. Richter, but it camujl be attributed either 
to him or to W'euzeh since it was a well-known fact at that time. 

Knowledge of lowi^^rjV rdfiiwn^ also advanced during this jicriod- 
Bovlc aiul Leinerj' uaed the correct quantities in their chemical experiments, 
[/•mery gives figured for the amount of silver eldoride jirecijutatcd hy sodium 
chloride, tlte amount of mercurv' nlUaincd frcmi ejjinalwir luul the ninouiit of 
potassium earlmimte obtained from saltfajtre. According to Walden hi& 
vahica are so acrumte^ tliat it is alisiird to uiaintaiii ihiit chemists of this perii>d 
had no ability for or umlerstauditig of quantitative work. 

The pharmacist Sigisinund Marggraf (l7iSVl-l782) was a nifiater of qiiiuiti- 
tative analysiSj iis is shtmii by Ilia silver amdyscs. It is, however, a mistake 
to aasumc that he was the only worker oft he period posset^ ing snch knowleflgc. 

The tme of proporfmifi^ was. however, first worketl f>iit correctly 

by 1!. h\ Wenzel (IT-iO^lTWH), The fact that Wen/.cl w^as au adherent of tlie 
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phlogiston theory" fioea not ckttact m the lea^t from hw achievements. His 
chief aim was tiie deteriuuiatioii of comhiiiini^ weights {i,e+ equivalent weights). 
According to Walden the values he obtaine<l lor gome metals (expiesseii hi 
terms of our mcHiern system) are Cu Gl. Pe D5'2i5. Zu Uo-o (instead of Cii ti^^*57, 
Fe 5a'8-i^ Zti 65-37), which values are astonishingly accurate. 

The equivalent (or atoiiiie) weight i>f stilphiir was RjiiikI with great accuracy 
by analysing its compounds with copper, iron, lead and silver. Ins teat] of 32+ 
Wem&el obtained the values 32'6+ 

31-3, 3J‘5, 31-ft. The equivalent 
weights of lead and wilver were alski 
f 1 et erin i ned wit h co nskleni bl e 
accuracy. His analyses of metHlIic 
laxities relichciJ a high degree of 
precision. He also estahlisheiJ the 
correct proportions in tlie/orwiafiowi 
of neutral jfaWs frojti ncirfs ami ftnses. 

Attempts to determine these 
last equivalents had lieeri inaile 
previously by Hoinberg (lOtli)) and 
Plnmer Thus Piuiner 

neutralised potash with hydrf>- 
cliloric, nitric, siitplinric and acetic 
acids. 

It wns+ how^ev'er, Wenzers 
thorsHigh exficrinients Clinch antici¬ 
pated Richter^s ricntralisatioii law. 

L,e, if one aiitl the same quantity 
of an acid is neutralised bydifTcrent 
anioiints of several base^^, then 
these a I noun ts of the bases ircai- 
ccnie<l are equivalent, ancl will 
require equal amounts of another 
acid for their neutralisatioik 

The general c^tiiilent of the law' 
of constant pro(>ortioiis svas first 
stated clearly in w'ords by .Joseph 
Ixmis ProHSf (1754-1826), though 
he w'ould probahly not hn\''e been able to tlo so without tfie aualytical work 
of Wenzel. 

ThL=^ law’ states that when stibstances unite to form eom[xjunda they do so 
in delinite and fixeil proportions, and that hi chemical defoni|iDsitioiiH definite 
and hxetl weighta of the decomposition products are formed. At flrat thia 
law' was TCgardec] with much auapldon+ since there are niany bor<lcrlitic caai^ 
ill which it is fliflicult to rllstingiiish between niixturesaiid compoutuhf, 

q'liua Proust had for several years {17yt#-l8(JifJJ a verbal duel wit-h no less 
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ft iiiftn BerthuUet, PrtinSft won. Bortihollut s point wftft that the quanti¬ 
tative of ft reaction ia often Affected by other factors, such as the time 
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dasentwicklungs-undAuffangapparate 

won5^pphdn Hale^ 1727, 



jijjpdTfll Lpn die Qbdmritii LuFe 0ufajTlinden. 
^ An ^«iii ^ofpertHi CrYidvn &i^hi 
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wArwr fV'tiVti/. 
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ftaKn^wlddun^S • udO 
Auridng^AppflraP 


rr Ckb<1^ H9 CHWP' 
m/prsAi/^,- jTAT 


pl,^tk in 

,^pjpcrro/vj e*^iii#ii(; atvS gfflJtw (tWiipAii'rt Hal&. IT-"). 

The iK-giiminl^ of>h™kiil npp(imlui« far wo^kil^J^ witll US he fovillii in tW npptiraOld 

for proparinj? Jttn! 4,^jl1<K:tin|s iJevUpcI hy SlvjjhCQ Hflrw (11^7-17(3 J), H«li^ wiyi tho 

A ret to i.f>lliwt tn a vphspI fillefl with WDtc«r mid mverl«i over wator. The nppuFAtibi for 

< ol^tiri^ the POuM be siepAmteiJ fwin th?! f^voliitton Apparatu.-^. 
dp/JOTO^« 4 f/<»r tAr o/ (/oi EPjff' W rt 

r S^nuill TPlortr a* A iOIai^ with a hulo ot the boUoiti. At d they Are latod 

togetluT with A PtTiiont of oJtty, jw^mn meal and hiiir. The bulb ia Aupported hy Amidf pkocem 
ofwowL y, = Sip^fcon-tlko tube, ITIii? tt^rdver wm iniiitiprfted in water and the 
thruiii^h the ifipbon. Tlie hiiphun wtu^ then renioveil SO thttt the water niftEntAineii the level a+) 
X. X Tronah 

ApfMimt»M for ^ rPKhfMfPOA, 

A Oloriti llikik with the EHjb«t4Uii.v for ■PV'otviog the tfiw. f*^ ^ eylincier* ^ x Trrauglu 

ASt<^»rrment *rj mr oofirumed Ay the comAsMwn of r^tndiw, or m4phwr nnd ^altpctri : or 
Ay thr hreathii^ff vf yaiatd^, 

X X Trtjiltfh vontaJnuig U efimllerttEnk. s a a lllaai helhjar. The air \a removed from llie 
bell-jar te far iw r z by a rtiphort, uuing eithw beHovirtf or audtiofi by tht^ ifKmthr Fhfwphonijp 
CJr paper impregnated with saltpetre cim be ij^led iiniier the bell-jAr by A bumilig glaaa. 
AppfttNtlii* for rtvfei'dy (utd rfdl*rlint^ ynsfx. 

r r Rntort mniie (Mil Qf A barrel^ witll A nipban-diApfejU leaden tube A»fed into it. 

X X Wnter trough, n h Fh?cei%er, 
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aticl the Ktute and nmfrunt of the suh^ictanL^. Like tiianV uth-^r cheiiii»t^, 
could not rtt first understand lliat the law of constant pi'oportioiii; is not aFTeeted 
hy these considerations, since the ainoiintji of the substances wliieh finally 
L^uihine arc always in a fixed prt.itK}rtion, iiidc^ieudcnt i>t' whether t he aniounts 
are lai'ge or small. 

Our genera! considemtionis can now be extended to inchnle jrhyekat 
rhemhinj. 

Tile fullowing are worthy of note in the 

eighteentJi cenliirj^:— 

Rcaniur knew of the t'otiinie rtmnjc ii,ccom[>afiytng the mixing of two 
liquids, ftinl Geoffroy observed tlic hmt in the same process. The 

dependence of .Holuhility on temijerature was recognised by Eller. Spiehimnn 
and L^niionossow. 

Gases t^'ere weighecl and measured by Joseph Black, 1755, The first 
exjiert in gas cheniLitry was II. Cavendish. Black w^orked chiefly with carbon 
dioxide* and Caveinilsh with carbon dioxide and hydnigcn. 

After Th6ldc Aiyr/ronicfer^t were specially used in chemistry hy 

{dies rensoiic (IfiBSh Fahreidieit (1724) aii<l Baumc (L7dt^). The pycnuineter 
was used by Honibcrg (IBOU). Hydrostatic weigliing w;ui! ciiijiloyed by J, Fr, 
Hrandcr (1T71). 

ft apiJcnni that the first to iL^e the fheniiomdcr in clieinicaJ work was the 
Freiichinan* Lc Febure (le F^bre)* HJ6(L Boyle nsed it extensively. His 
l)oding-poLiit values for spirit* water, nitric acid, Kul[>huric acid and caiistie 
sodii are in some ciuses excellent. The thermonieter nas verj' frcqucritly used 
by Hoeriiau VC, Joseph Black and Ijiivofeier. Dutrnno { measiirerl the sugar 
content of solutions l#y deternuning their boiling pouit, 

Klecirochemhfr}/ also had its beginnings in the eighteenth centitry. Ca v^en- 
di^ii used an electric sjMirk in 1783 to expludea mixture of hydnigen ajul oxygen 
ill a eudiometer. In 1787 he prepared nitric acid frit>ni air by means of an 
electric spark. In 1784 Berthollet dfK^iiqjoscd auiinotiia gas hi tiie same way 
and thus Emiilysed it, 

In 178H Deimatiij and Paeta van Troostwyk d.etxJui{K>.sed water by means 
frictional electricity. Somew hat l«itcr, iti I7i#l^, the great Alessandro \'olta 
fliscovercd gidx'anic electricity and made the voltaic cell. I'hls cm del he iiserl 
for numeroiifi clectrocheinical ex|>eriments, w hich were, however* nuistly later 
than iKlK>.^ 

Catfil^ir were involved in the prejjaratinn of chamber sulphuric 

acid and of etiier (after 1540)* and also in tlie preiianitioii of ethylene friiin 
alcohol (Priestley. 1783 : Ucimatm, 1795), 

One of the tthief features of chemistry in this ijeriod was the foundation 
and dev'eli>pment of the chemijdrtf of althougli s^me step.^ in this direction 
liafl alreacjy been taken hy van lielniont. Tlte must iiuportaui exfjerinients are 
those of J. Miitfow ill IGGlh which we have Already mentioned 1. A candle 

^ Sjirtip (mrir^tiTy in n wfby Chrutmrii Wifiklor 

in 17-12 (llivUgb in ITU-i iwl obsorvod iW of an r^i-Pu-uAn-ci (('[fijs* 

K 


P II-C, 
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burtiiiig in a bell-jar sealed by water eatl^les the water to rise and is eventually 
extuiguiahed. When tht» I ins taken filaee, a piece of camphor in tlte bell-jar 
ran no longer be ignitcfl by means of a burning glass, Tliift experiment really 
serves to ehiira^ieri-»^ nitToiftn, and prceedcB the elumsier experiments of 
Rutherford in 1772;. wliioli showed that a (lame was no longer able to burn in 
air ill which a mouse had guffbeated. (This experiment was in any case also 
made by M8yD\^'.) Finally Mayow prepared nitric oxide under a bell-jar hy 
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5. VBSiW‘1 for ol*»erV iiilsf Ihn' ofTi'ct <jf onrli^Dii dioKido on hvdnj;: iliinpii. 

the action of irein on nitric acid, and fopiid thttt the water rose in the l>ell-jnr 
owing to the eombmatioii oft lie nitric uxide with the oxygen present. At thia 
time 0 apparahi^for the em/Mfiw* ai^l eolhrtiim of ga^-is waij not kriowti^ 

and it was the Englishman, Stephen Halm (16TT-I7til) who fil^t dfecovered the 
welJ-knovTO methud of the dispUcement of water in 1727. In the simplest 
form of n]iparatus tlie evolution flask standa in the water trough, and is sur- 
moiiittad by an inverted gas-jar tULei!l witii water, in a more convenient form 
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the gas evolution vessel is separated from the collecting vesseL ftiid only the end 
of the delivery tube ui^er the reeeiver Hi led with wiiter. Hales repeated 

>Iayow’s experiments, and also burnt sulphur and phosphurus under IjelJ-jars. 

Hales* apiJJiratuii was inodiHcd ui many ways, e.g. by Benjmmm 
| n3r>™1784), to uliojii are probably due the exf*erinients with carbon dioxide 
which are now carried out in every selioylroono tie prepared earbo!i dioxide 
hy the action of sulphuric acid on calcite^* and also by ibrinentation with yeast. 
The further nmnJpubition of the gas was done with pigs^ bladders. An 
apiMUHtus for exiJeUing and t^jllecting flissolverl giOies from nnneriil waters is 
sfieciatly note worthy. Hales also preiMired artificial aerated water. He used 
measuring cylinders for gases^. Similar arrangements were used by //. 
Cfivemli^h [preparation of carbon dioxide, mimipiiIntion b^^ bljidcien?, preparation 
of biearboiiatesK Aiming Ins most ini]>ortant contributions is the eudiometer^ 
consisting of n graduated tube with twm wires fused in for allowing u!i electric 
discliarge to act on the confined gases. tThis metliod tvas probably first used 
by Watson and by Nollet.) He also knew arrangeiiient.H for weighing gases. 

Hales' ap|jaraius coukl not be iiBed for collecting and observing guses which 
are apprdcialjly soluble in water. Tills defect was fiist remedied by Jv^epti 
Priestley [ 1 TSSi-1 &U4}, Avho tised mercury iu plftf^ of water for collecting the gas. 
This alteration made it pixssible to extend investigatinnK tn ga-ses soluble in 
water, and the teehnii|ue introduced by Priestley Iuls not lieen impmved ii[Hjn 
to the present day* 

yiimy of t he permanently valid principles tif were also 

diHcnvered in this |>eriod. 

Analysis in the dry w'ay was already well estahli^hie^i. and ujis still 
furtlier Improvi^sL This is illustrated by the book, ElemEiiia Arii$ Doci- 
mmtir/r by the skilled analyst iTohann Andreas (.‘ramer, wliicli contains 

detailed iUuslrations of all the apparatus used. We again find assay furnaces. 
Crucibles, mu files, eui>els. Jiioukis, parting flasks, cemenbition boxes, etc,, but 
ill addithm to these use was made of the blow-pipe: this }i»fl been lUted in 
metalhirgy and was probably introduced into chemistry by An<lreas von Swab 
(and later by froiistedt, Henekeb etc.). The illustnition of Engestrfims ptaiket 
laboratory (1774; Plate I IS) gives a goial idea of this field. ItcontaiiLs blow- 
pi jies with w ind reservoir, hammer, anvil w ith ring, wax candle w ith holder, 
fbrcejis, hartluess tester, magnet, file, washing trough, testing flasks, silver and 
golden spoons, carbon, and small bottles for holding the flry reagents then used 
fsixJa, borax and nucroeosniie aaU : later also cobalt solutions]. HeigmaiirPa 
s*t of apiianitua is simpler, comprising only blow-pi|>e. hammer and anvik 
candle, forcejiH ftmi silver s[ioon. 

There can he no doubt that the blow-pi|H? was a great cuiivcnicnce to the 
cheaiist, es}M;cially aitice it made poss^ible the iLse of very siaall tpaintities of 
substance, [nstead of healing the sfim[j|e iu a cmeible with a v^jal fine ami 
liellows It conhl now' be heateicl cm a winal! piece of eharctxil and subjecle^l to 

* ThL4 taetlloU whb oKkci by EkriiuiiNU in Iwm* (rhnlk - r«i] Ipbiirir- nt id), tlii^iui^b it 
jti impiPH^iibh} lo ewy wJ|rlliL*r Im? it. 
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the uxtclujiing or reduHiig Action of the mouth blo\v*piiie. The bellows blow*- 
pipe used ill glass'blowing was also used iu analysis. 

Beigmann and Oalm characterised the following elements by their 


G von Engestroms Probiergerat 1774 



1 



^ 1 ^».L» I . yi Mil |L 




lA 4 Ch 6 nlBb 0 rmLgrhjzi^ kl 

b,.wnnK^ catKikHnir d^^F SiaAea l)rCHn.3«d« it 
Ibiqiriuruti k^ffeiKKUl (^npi^ 

n^Vj>i1pfars!r flulSivTprBug 
nhai and:« furiKtl. 


Uirtiukad-^ paekmm 


VLATK 11^ 


Qualitiktivc MUklyiii^ of HuimtAnsi-i in thp dry way wa* inuetl fa<-ilitiitcKl at ihf oF 

thxs wntury by tlip mtruductioii nf <knd occC^^ritw. l^raeticd iiwtruje- 

tiun for llic w*!” or thmc wmt piven by thji IL V. Enfi^trDni b tila >1 iruemkigig^-hfn 

Tftrii'hpn LiilK>ratOniiin " poibliiihiHJ al Gr^if^ualii 

Pwkot laborntory^ i? Was eaildb. KorYVjJw. c and h li|i;^w-pkfi{^. / ^Eiiall bottkea for kiurax, 
HOiifl And nairiwminic’ ^ Hamrrwr. i Magnsf^’iti^ k SlJwJ for tftitinji banlJiPKft. 

/ rn FlkP* f§ |ikrtti% o Irraii rinp for piiltio^ on tkio plote, p iwd q Ckmlkf^tlok^ 

plan Hind f^kvatlon, 

1 Bbw-pipd witki hoUow a and njurou'nrifii'r t. r k a i+|m'| wittr liunflin^^ thmu^ l hi¬ 

ding opming r of Tho rinH and lo oSniii tin? ajvrtiirr ft. 

2 , 3 Tkio blow^pipo dinniantbd (linkiiM nr HilYrrj. 

4 Tti^ting Hridk. 

,1 VVa^ini^ Iroufd* 0-i jonir). 


behaviour on cliarcual under the blow-pipe: gold, silver, lead, copper, iron, 
bistnuth, nickel, cobalt, arsenic, antimony and tin. The reagents usetl were 
those mcutioiied above. The use of a bead i»f uiicrocosnnc salt was intnxlucerl 
bj' Marggraf. 
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Ajutrt from tht older examples iilready mentioned, {inafysiji in thf^ imi/ 
waa lai-gely begun by Roliert Bityle* It was abo he who intnxlueed the terma 
annlyaist reaction arjfl reagent in the ehemieaL semB, He naed liHnm [gikI also 
the tineturea of violets and co^^^lo\^■el^sJ for deteeting aeida am] alknhes. He 
also used test pajx^i^. He pnictbe<I the following tests : sulphiiHe aeicl by 
means of ealciiini saltsi* hydroehlorle acid and emninon salt by means of silver 
sol ut ions (eb Tacheniiis), aiiiinonia by the form at ion of fumes with acidK ami 
by means of merciirie ehlcsride, copjier by means of annnoiiia, ^tld mid silver by 
means of mercury* irnn by mean-s of tannin (cf. Fliny) and with h magnet. He 
sejiaratcrtl fljJver from ctip|>er in soJutiori by precipitatiem with copptT, and 
differentiate^J l>ctw’ccn fixetb volatile and carbunate alkalies, the latter by their 
efFerveacenw with acids. 
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Bergiiiaim added the following reagents to Biyleb Ibt : e.\tnier of I^niJHil 
wood for alkalies, lerroeyanlde for iron and copper (cf. Marggraf), snlphuric 
acid for Iwirium, nitric oedd for sulphuretted hydrogerL fjxalic ackl for ealeium, 
]>cjtaHh and caustic alkalica for metab and orea^ lime-water for carhonie neici, 
barium chloride for sidphuricacid, spirits of wine for separating salts, mercuric! 
nitrate^ corrosive sublimate^ ferrous sulphate, lead aceiate, liver <d sulphur, and 
ulcoliolic fioap solutions for testing drinking water, Marggmf distinguished 
betw'oen tlie Hame colours of ^lium and [xitassiiim. ancl also mtroduce<l the 
microscojic into anid3"j?is. The rejigents Ub^ed in (by Scdieele ami 

l^riestleyt vrere lime-water and caui^tic alkali for carhoii dioxide ; liver of 
sulpliiir, ferrous sulphide, ferrous h^'cLroxide. phosphorus and nitric oxide for 
oxygen. 
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In lt548 (‘arried «ut aiitilyw 

and also determiiiations of spet^Lfic 


.s of driiikhiii' water and mineral waters, 
gravities. Friedrich Hoffmann te^tc^l 
mineral water for ear* 
bon dioxide, euinmon 
^alt, iron^ sulphur find 
cop per. JIa rggra f de - 
teeted iron by means 
of |Hitasfiiiim ferro- 
cyajiJde. arid Rergmann 
detenuined the hardi¬ 
ness of water H'ith 
alcoholic so^l|p solution. 

M i n c ra 1og 1 CO 1 
analysLs wtis the work 
of ]3ergmann and his 
ccdlaborat ors, J5ot h 

c^ualitatjvo atui rpian- 
titative analysis had 
reach crl such a high 
level at the end of the 
eighteenth century (e.g* 
Klaproth, 1743-1817) 
that Inorganic Hualysia 
had prohobly fldvanc€d 
as far as was jsossiblD 
with tlie niethoiis then 
available. 


CnsaitiCAL Syiihols 


We have alreaily 
merit loned the large 
collection of chemical 
symbols given by 
.SommerboiT in hi& 
lexicon. Siniihif sym¬ 
bols were also used by 
Becdier and by KunekeL 
but the more iin|>?jrtant 
chemists of this period 
ma<le little (*r no use: 
of them. Thus Ltmery 

(in his text-book of 1075} anrl Bwrhaave chemim, 1732) employ only 

the signs of the seven nietaia. (leoffruy. on the other Jiaiid, uses synibob in his 
table of affinity (1718), including some for at ids* bases and salts, although ho 


Fl^VTE 115 

Johann ChriKtoph Sonniiorhoa,, phamiarji^t In S^eu-Hanam 
bora Janimry Snl, 1044. Hin '* phmrmafT 4 nitn‘t:i- 

chvmicum'' (puhlLpihcd 1701 al Xiimb^r^r, rclition^ 

1713^ Ih tlip iikO-sl sO-liFTP of itjntnmporAr^'' rllCniital 

ail^l phiLniha,i-'k^Mtii‘d nolndrnrSntim^ 
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di>e» not appear to have devis^ecl them himself. Eergiiimin, however, pub I wheel 
in 177 a a list oi fifty-nine eljiTerent symliijU, partly of ilia own devisiug. He also 
iised them in hin aflfiiiity table and to express ehemieal tmnKformatioiiii, 

Altlicmgli the phlogistic theor}' dciimnfiecl that the metala siiould he 
reganiJed as complex substanees^ the symhob used for them are those of single 
stibstaiiees: in fact, Bei^gmann represented the metal caLxes by attaching a 
special sign devised hy him to the symboLs for tlie metals. 

The symbols used hy Scheele are shown in Plate 117 + Lavoisier made 
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ex[>eriments with a fi^'^stem of signs to include tJie ipiantitioH taking part in 
el^eniieat reactions, but they wem very clumsy to use, and 

tn^T) introdueeiJ an entirely new system of symlKiLH winch are the flireet 
predecessors of tlie Bei'zelins syniboLs still used to-day. They usetl the initial 
lettei>^ of the eleuieiits, adding a second letter hen necessari% Like Berzelius, 
they usE^^l symbols to repnkHciit not only elements, hut also jjarts of com|HJunds 
(ratlicaLs). This v^iwe procedure might well be adopted to-tlay in place of the 
laborious method generally in use. (U was Liebig who first brought eiieh 
geimplifications out of fashion.) 
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Ha^sscnfiTitK uls^ fciiirrounded the letters by n geojiictrieal figiux;. Elements 
wcT^ fieHOted by u eircle, acid nidJeak by tt square, bn-sie mdicalH by an et|ui- 
lateral triangle, tlie vertex lieing upuard for the alk!lbe^^ and ikmimard for tlio 
alkali no eartlis. In eonipounik the t^vo symbol were |jlac^[i tugetber, tlio 
baisic radi^-al pret^eiling the aeid one ag is still done. In the acid salts, lioWTver, 
the base symbol was placed the add symbol, (.'alorie substance ^vas 

incUcated by a line, follovcing the idea uf Lavoiaier. according to wlvicb the 
liquid and gaseous states could be considered as eompotinda of the solid stato 


Die wichllgsten der von 5chcelc ange?wendeten chemischen Zeichen 
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TItr tM^fi irnp^fVlunt rAf rni«jf PHIobfiii tlifi J ftjp 

Fkhii It. T* Sehi»flrcr'ii"" Chumidko ftirvIrtH-niniiJiri'^ inibLblHxl by Torljujm Ke'n!lrwiii!i+ 

I'pFiaIrt. T77S, 

Tivith heat. A line pointing upwarefa frniii the symlail indicateri liquid, and a 
line flownwarrls indicated gas* Tnnbty w^c have no correspoiifUng symhcib for 
representing the state of aggregation. On the other ImniJ the ini[>(>i'tant heat 
ohaiigesi accoiiiimnying chemical leactiuiLs were not taken into aecoutit by 
Hassenfratz anrl Adet, or (at a later <late) by Eer/nelius. 

The i*\'iidK>bi of HiissenfratK were approved by LiivoisLer. 

Willit has already l>een waiil by no means exbauBbi the progress of clieinical 
knowledge tiuring this [seriotl. ^Ve shall therefore give a short Ibit of names 
with some of the snbstantMes w liicli they dLicovere<l. 

Kottfri /%/f (iri27-1691}, an EnglL^hnian of noble birth, waa {os already 
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the real founder of aiia1v±ds in the wet way. He ItiiproverJ the air 
piim[)^ and tiwed it in earrying out cLktillatjutiH under red need prc^?i?urc in an 
apparatus of Jiia own design. He also earried uut reactkirvs aiider increased 
aif-preaauro, in which he was nmeh ahead oJ‘ his time, Boyle kiiew^ wuod spirit 
acetone (IfthI), and phosphoric acid (ItSTO), while tie prepared phos- 
phonis hy the method <liseovered by Bnnid and flbtjngubhed lietween 

cuprous and cupric 
chlorides. 

H 'lYAe /m Hotmher{f 
{ 1 hr>2- 171 5}, tt dtietor 
of Gernian exlraction 
who liA-e<l chiefly in 
Paris, was a vTrsatiJe 
ehoinist^ He was one 
of the first to deal 
wdth the stiluratiDti 
behaviour of neids 
(IbHlI) ; he tliscovered 
the reaflily funible alloy 
later kiiowii by the 
name of Rose's metal, 
and he fused the Jieavy^ 
nietals by means of a 
oojH-ave mirror. HuJni- 
to 


script ion of Inirie acid 
(37ll'2h and he alsu 
w orked on t he a na ly t icaJ 
chisu^iHeation of vege¬ 
table drugs. 

tcalii ^ 

(HV40-1715) was a 
Frencli piiarmacLst anrl 
phyKician. H Lh Cours 
fie Cfttpme h; by far the 
lx?st chemical text-hook 
of the iPeriofl. and his Dietlonmiire droijeji simpkj^ the best pharmaceutical 

manual, TUh lust work was first piiblishcd in ItUlS, wdiile its Last edltioii 
a]ipearc<l in the nineteenth (‘entury^ The fliscovery of flake white (biisic 
bLsniQth carbonate) and of mercurous oxide is attributed to him. 

Oenrrj Krmt Siahl (1600-1734) of Aiisbacli was a Prusshm physician in 
i>rfJiiiaryT and one of tile most faTiioiis of t!io physician-chemiats. He was the 
chief founder of the phlogiston iheury (y.c.)^ In spite of this fact, his ideas on 
living procesfies w'ere vitalistic raither than materiahstic, and he was an opponent 


VhATK IIS 

Him ^^onlTibiitioiia to rhrunical ttiP miirt^pl of 

plulTK^ntS liavp biwn dE^rilRMJ in thi ti'Sl, Bcfytfi foujiiie^l 
in thiy wel wm\\ wjiii trnf uf ihr fuLiniit'r» of tJi*-' 
R^ivul Sorioty, 9-n*l huHiRl in WifTitjiinu^kT .4l>l>c^y. Hi^ 
abRM^'k'iL^r^ liciylpV !aw\ 
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of iatro cKeniintry. Staiil defined tlie seotie of ehemUtry wLtli great clarity, 
dcj^ribing it as the science of splitting itp eomples subatAlices and combining 
together simple ones. Like tilauber. Staid swpiKjsed that salts were coiupoiMKl 
of an acid and an Alkaline component. He realised the special position of 
alumina, and distinguished clearly between sodium aiul potassium salts. He 
describes the combustible nature of pure acetic acid, and appears to have 
been the first to prepare mercuric acetate. 



PLATE nu 


Vtttaurn appafiiiu/t, H. E lO’lT- 1601J. 

th^ i^rNt to rfEiploy vacEiuiii ili»til]ntiun. Hf> cHm£rd i 3 ut ball) Lirulcr 

and pHWriu™. lliii appiumtun wan not ™E^E^ly mwl 'm thr IntKirilloiy 

unli I lwo hiukEirvd ylatter, wb^n it wan rveomfnmkdod by t>f. Hoii’u.i^^lftu.Nnirjk ajid Blit-hner. 
Byyif ''b i^yJTiwtcd wurki? lloVr btwn by l^i'r Shnw nfkd pub 1 i?^ln?d an The pluio- 

HopluVal wnrka of thf honourubll^ H. L^nduii*. 


Friedrich Hoffmann is another of the iiiobtiiniiortiint ph^^aicLan- 

diemibt«, though an uppoiieut of ktro-chemistry. His name is best kno™ in 
conn4wtiori with HofFinann^s drops, MuiTruiinn^s balEfain. mul Hoffmann's elixir* 
Ho inrestigatod ethereal oib, determined their speoifie grayitieSp and studied 
magnesium comptuinds (at that time being introduced Into niedicine) and 
alumina- HofTmann prepanefl artificial cinnabar in the wet way, and was the 
first to recognise the acid nature of carbon dioxide. His classification of 
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iniiif'T'ii] reiienibles thitt ntill in uusie, Le. acid (iNirbniiattd) ^vater, alkaline. 

ferrtiginoLis. bitter^ sulphurcjiLH. He uas tlie first to prepare artificial nrinerai 
water, thus anticipating Frlestley (1773). 

ticrmfinn Boerhaave was a rainoii^ Belgian pliysicmri-tlioiiiist. 

(Iiaructeristically, he was nnt an adherent nf the phlogUtun thctjn'. His 
texi'lxnTjk Eletneufa second only to I^inery’s m this period. 

li\ 1733 he observed ___ 

(like Oc^jffroy in 1718) 
that water ia formed in 
the conibustion t>f 
spirits of wine. He 

produces the foilovving 
giHid expliiiiation fur 
this phenomeufm : the 
a Ieoh n I contjilns a 

con I bust i ble eubst ance 
(i^abuhnn ignis, i-e, 

h^'dT^Jgell) which is 
clcsti'tjyed by the 

fii*e, forming water. 

Bnerhanve also kiienv 
that the [irorUiete of 
conibustimi of alcKihnl 
weigh more than the 
alcohol itself before 
C'tmabtistion. He bc- 
licA'ctl in the presence 
of a vital substance 
In the air. He char¬ 
acterised af!ctoiie pre¬ 
cisely, and knew the 
nuLstard oil obtainctl 
fi-otii black iimstard 
seed. 

Biwnne Francois 
Oeoffroi^ (1872-1731) 

Wiis a French phar¬ 
macist and doctor. He 
has Rlrcafi 3 =' been men¬ 
tioned as the first to set 


PL.\TE Ui> 

A'pVoliciiiJ* (ltt+5-l7Ja) at fir^a lO 

■Rtiiilv or ji|iorfnjJw.'y, l>ijt later Eum^l lO tneclie^' ueiiI 
ttMitunU seirnfi.*, plmnaBeist and profn^Hi^r in Piirw 

allil 4 meiiilrtPT of the Ai'ikdi^inic Scicn«frt. Hi) rffurniedi 
plMmnft«?utk'*l chemifttrj' in FmJv>e iind wrote a number of 
lext-tjtfiohrt hoviup a w hje ciLnuilallolU 


up tables of chemical affinity'. His vvnrk, De maferia tmfiira (1741), represents 
tlie first scientific pharmacopoeia in the mtKlem aense of the wuref He 
diacovTretl einiiamie acid. 

Caspar Neitnmnn (11583-1737) was the court pharmacist In Berlin and the 
teacher of Marggnif He was the finsi Geniian phannaewt to write in the 
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PLATE 121 

Frirdrirh Hoffmann^ bcm lUlUl nt Hnlttv ilini I j’12 ai I^Htn. Ho «’ji« 
royal pfari^ioian in U«rlin Utitl n pltaminroiitH'ni ohoniut. 


(lerman language, uekI TOrriet) out sdentLKe phurmaculogitiLl inv-^tigatiojis 
(with foniuc^ ariid arul tbymal), HLs chief work^ C^kymiu m€ 4 ^^ra^ 
appeared. 1741>-I755. 
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Johfinn Heinrich Schtfhe {I6S7-1744), a phyaicinn, flbeover^d in 17i27 the 
photu-fieiiaitivity of silver saJts. 

(fttUlatimr Roudk f pharnmcis^tp wais the tejifher of 

I^^v'ciLeier. It is to luiu that- we owe tlie general dctinition of “ salts/* a point 
wliieh was niiieh confused before his time. 

Judrstfs Sigi^mand ManjfjraJ (1701>-1783} was one of the most important 
of a long series, of famous pharma cent lea I eheniLsts. He State pharmacist 
in Rerliii. nnd an adlierent of the phlogiston theory. 

He prepartrfl phosphorus from urine, earhon arnl satid^ and studietL 
phosphonuK pentoxide and phosphoric acid. He oliserved the increase In 



Bocrh£iive bcmeckl bei Veehrenneo vcm AlHohol ontaretner 
Glesglocke die Ent^tctmng Ver^rennun^sprodukteaV^isscr 
PLATE 

tm Cmr\bu9iion. 

PAbiiliim ijenift ctinHUJiitUiriK iU|tta rvhnqLjit 

Bw'-dmavt Itotk^sl lliAt u'h«n aj.i'c^hol wu3 buml iiiuk^r u water woa fornuHl 

Olio of tho (if (^%Tnb|utkcin^ 

h eight when phosphorus is hiirnt* He obtained various phua^|jliates, and alfio 
metallic [>hosphidej 3 i (cojipcr phospJdde and zinc phosphide^ I747]p abo phos¬ 
phorus sulphide. He detected phosphorus in jilant fush, and preparecl alum 
synthetically, (His analytical work has been mentioned in a previous section.) 
He recogjiised gy[isuni as calcium sulphate, obtained phosphuit^oent ealcliim 
sulphide from it, and did work on sulphur trioxide, nitrogen jieroxide and 
Jiydrngcn chloride. He deinoustratetl by analysis the jiresenee of magnesium 
in seri^ntine, tale, and other minerals, and founcl magnesium chloride in ihe 
mother liquors from brine, ilarggraf showed the presence of alunuiiium in 
clay, and knew that it was combined with silicic acid. He was the first to 
discover the cliLoroplatinates of pot^issium and ammonium. 
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He recctgnised llie e^cbtetice of two of mercury" (tnerenrolls afifl 

nicrciiric, 1745), prepared the silver and niertary salt^ of a niiml^er of organic 
addj? (acetic, oxalic, tartaric, citric, i74+j and 17hl), knew forinic add f lT4h), 
kneu' that madficr lake could be obtained {mm aliKarin and aluniioa, aiid used 
the terni indigo for tlie blue coLnurhig matter of woaiL His discovery of canc 
sugar in the beetroot laid the fouiidatiou fur the German sugar beet iialnstry. 
It appears that he prepared potassium cyanide before ^Sclieclcr 

Pifrre Joseph Jlneqtier [171^1784) wiwi a chembt, and the author of the 
first eliemical dictwmary, Mcfiottiiaire de iTfiih He also earrieil 

out sigtdtieant researches on arsenic acid and Prussian blue. 

Axel Fredrick Cromfedt (1722-17*55} was a Swedish burgomaster and 
mineralogist. He waa the first to use the bb^^ -pi[>e in cheiidcal svork {see 
seetiori on analysLs}^ He discovered metal Lie nickel in ITHL Tina metal 
had been kianvn much earlier by the Ghine^ie and used to prepare th^ alloy 
** packfoiig"’ (ainee about IhK.U>), German silver waa not prepawl in consider¬ 
able amounts in Eiirojjc until alter ahont Xiekel ores were probably 

known in Eurojie even in the iliddle Ages, and certainly by the time of HjameT 
IblU, Gronstedt pre^Mred nickel oxide and nickel sulphide, and inentioiis 
tungsten ores (1752), 

ufaroh Jleinhald EpUlnmnn (1T22-1T8S) was a Straslnuirg pharmneist and 
taught cbeiiUstry to (voethe. He w rote frtstituliones chptniae (17GII), w'hieh 
was w idelv read and translated I into many languages : also PJiarworopiria 
ijetieralis ( L78tJ), 

Jeaiff Francois Demachp (1728-18^13) was u well-known French chemical 
technologist and pharmaeist. He wrote the li^^?^t text-book of ciiemical techno¬ 
logy' (1773), which deals partieuhirly with the tnanufactuie of mineral acids, 

Anioine Bniime (1728-1804) was a French pluirmacist who contributed 
to chemical technology {manufacture of sal-ammoniac, 177R). distilling, and 
impojvemetit of the by'dronieter. He also wn:>te a ehemical manual, A7efaeii^^ 
de phrmrtacie thdorique ei pratieptr. (1752), sfieeihlly suited to the practising 
pharmacist* 

Joateph Bkick (1728^1 iltSl) was a iiscot wdio investigated caustic alkalies ami 
carbonates^ the cheniistiy of lime burning anti the niantifaclure ijf mortar. 
He also inv^cstigated carbon clioxide {which he termed fi.xed air and 
recognised its acid nature. 

Jan I nfjmhomz { 1730- i 700), a Dutch doctor, is well known as the discoverer 
of the assimilation of carbon dioxide by plants in sunlight, accoin^Minied by 
the production of oxygen : this is one of the most im|Xirtant exiHting idiemical 
pnsecs&K(. Ingenhouss' was probably also the tin^t to pnejwire phosphorus 
matches eonsisting of a yello^v j>liosphoru3 tip on a piece of wooth which 
ignitt^l on rubbing. He also invented the ex}>eriinent. of l>urnitig a piece of 
steel wire in oxy'geti, 

Hmri/ Ca^^ndish (1731-18UJ) wag the son of Jjorcl Charles C'aveniiish, 
brother of the third Duke of Devonsliire, and is one of the greatest names in the 
history of chemistry. One of his most famous investigations is the 
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burning of nitrogen. His very Biniple fipj)iirJiliiH consiatecl of two wine 
glasses fillcfl witli men’urj% into each of which ili|j|iecl one limb of a V-shai>cil 



VLATE llSfi 

nlf^i'ne (IT2S-IHCH J, 

eiuuinufiHt ttml 


lube. The bend ef the tulie eontnmed «>me air and wassi fitted ’ivith two elec¬ 
trodes for a fipurk from an electrcnjtatic nittohiiie. The mercury- in the lindis of 
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the tube was ctivered with sfiiiie alkali tu absorb the nitrogen formed by 

the clcetrie discharge. Iti this way lie established the comjtobition of oitric 
acid. In inrestigating air he found that after allowing for the content of water 
vapour, carbon dioxide, oxj'gen and nitrogen, a residue was left unaccounted 
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for: thus he yrn^ (witlujiit knowing it) the discoverer of the n\Tt gas argon 
He detemiiiiKl the wriipu«Uioii of water by synthesising it 
hydrogen and oxygen (1780)+ In this experiment lie used the explosion 
eudumieter of Pricittley* consisting of u measuring cylinder with cleetrodM 

fused into it. C, also 
inTcstigated hydrogen 
and carbon dioxide ^ 
molucUng the solubility 
of the latter in w ater. 

J o^rph Pnestkj/ 
(lTa3-18M) was an 
English a in a t e u r 
of varied 
ts. He showerl 
I that liiiiimn 
and animals 
iircatlie out carbon 

I. J Ltf , 1 % lU^ j, 

absorb it 
gatccl nitric ox 
nil ruber of ot her gases^ 
e g. hydrogen chloride^ 
ammonia, s^ulphur 
dioxide and silicon 
tetrufluoride. (The 
pneumatic t rough which 
he used m tiieye expen- 
ments has been alrca^ly 
desc ribed.) Priest ley 
appears to have been 
the tirst to isolate 
laugiiing gas from iron 
and nitrous acid (its 
phy **ioJogicA I action 
being first flij^coveml 
by Davy in 1799), He 
also inve^tigatecl carbon 
moiiox ide (1776). He 
discovered the prepara¬ 
tion of oxygen by heating red mercuric oxide wdth a burning glass. (However, 
tlic French pharmacist Pierre Biiyen described in 1774 the production of 
une fluide ^dastique by heating rerl mercuric oxide.) Priestley prejiared 
artificial aerated water and showed tliat water and carbon dioxide were 
pniductfl of the combustion of oils. 

Torbem (17!t5-vl784) w^as a Sw'edish adherent of the phlogiston 
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bom 17^3 ni Ti^tiaiul [ ieI) : 

orthufntvrli&nii [ PCiirl^ylviun ini. 

I-^OKlIc^y Wn>$ by |irofi^iorL a ii'^niihnir ot lunj^ikiftp;!^ Ami a 
aniJ an mirli h** tnujjlbt Lutin. IJftvk, Ftojii'Ii, 
1 talinn and Kcibn^w+ mid w n'cinpr^lir-iiitiviB phi loAopbii^al 
oiiil thmlflfdcitl tTV(ilE-H7?i. Altliousti lie ^lul liol t^im U> 
Ntuilif^ until lutp in life hir^ kitin] pl.-* 

4 yi i.iiKpt<nmL'nt^^f enabled him to H[?fcmpliHh a dn^fiL 

Ka ihu* Ik4d of pininiiEUktk'- choinint in', iJi»€uv4.^n?d 

ihnl pliLntM hrCfttlifi Out AT^yg^n in wunb^bl, waa ttup fiiwt 
to onlloL't p^Hwtw oyor tiiu^if iiry + nml ubUilhHl usy(ffi.4i by 
liiuLini: moiTiilrii' oxidi^. 
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thetjry, AinJ the chief expert on analysis of his periotl. He eoiitributed 
to the foundation of nuneml cliennVtiy, 

We have already given an account of hfe analytical work and his investiga¬ 
tions of gases. He rediK.'ed inorganic analysis to a ay stem which is essentially 
that still in use to-day p In 177-t B^rgmann recognised fixtti air (i.e, carbon 
dioxide) as iui acid. He 
discovered nickel sul- 
phiite in l77o, analysed 
tartar emetic in 1773+ 
dLscovered prussic acid 
in 177.7 t cyanuric acid in 
177H* urie acid in 177*1 
and oxalic acid in l?Tl^ 

(the last substance 
Jiaving been jaieviously 
discovercfi by Wiegbh in 
17 m], Jiergin aim was 
tlie hist to cloKsify sub- 
stances as organic and 
inorganic, and the term 
elective affinity is 
due to him. 

Curt F rirdrieji 

H' e / (J 74tl-1793), 

chemist at tlic Meissen 
porcelain works^ is one 
of the greatest iigurea 
in elienih^try, though his 
name is often passed 
over in favour of others. 

It was Wenzel who really 
established the law of 
constant pn>[>ortioiis (see 
above)t and he made a 
numtier of other imptir- 
tant discoveries. He 
describes the hydrolysis 
of the chlorides of 
tin. bismuth, antimony 
and arsenic, and ol the nitrates of iron, le^ad and bismuth, and he observed 
the " lead tree/' He knew of tlie light-sensitivity cif silver Ekilts, prepared 
colloidal copper and silver, and descrdied the alkali aalts of the hydroxides 
of zinc, leinlp tin, aluniinium and copper. He investigated the solubility 
of sulTatflnces in water and in spirits of wine, made experiments on water 
of crystallisation, and described the hanie colorations of copper, Imric acid. 



PlJCTt^ ]2S 


Btfjmann (1755-17^-1)^ 

PnifiPtwqr of mine raj oyy awi rllCtniHtrj^ rt t 

Tisrlh-ril W mu- uf tin? inmi inipjHHiUit 

ItiprCta^nlfltiveE^ uf thf» Wid of thi* p^rriml. 

wa^ onx3 uf tlip elil'vf rijlmdure of anjityluTal 
Tnincmlo^ral ehemi»ary# 
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blAintiUi and arsenic. He prepared etbyl chloride hy the action of spirits 
of M'uie on antiniQiiy trichloride. In 1782 he made nieasiiromerits on the 
neutralisation of acetic, tartaric, oxalic and sucemic at^kLs with different bases. 


PLATE 150 

<7. IV. 0142-lim- 

Karl Wilhelm Sche^Ie (1742-JT8«I) was at a pharmacist in Stralsutid, 
and later in K6ptiig in Sweden. 

iScheele obtained pluwphorus frojii bones (l77tJ), characterised hydro¬ 
fluoric acid (which had been used for etching glass at least since IBTO), and 
discovered hydrofluosLlieic add. In 1774 he prepared chlorine from pyrolosite- 
and hydrochloric ackb a process ^ hich was hy ao means new^ but which 
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apparently hatl never before been elosely studied. He reeognised banoa os 
a special substance, and prepared barium chloride. He probably the first 
to prepare various manganese compounds, e,g, manganoiiB sulpliuto fl774J, 


Jit ^A. 


A*. 'iTy ^ 
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3f«Pi M*rn'jt f Ap/ f.\ ||i'- S^hixlt. 

TnuLhilatioik of t lit! il,2S ; "* A is fl jchkHri votewl whjp‘b <?:fliii hulil ubuut. 1+ OIUIa’C^ tif walpr^ I t1l( 
thL^ with imii w* far (Ih U, unrl fill the rrTrHillliFijff with wnUT Up iht^ im'k. 

1 then tttki- a nJrk piun.'p*! hy a tiilM! (thi^ m ikniP by Mtiekin |5 a red twjt wire into tht’ 
etifk |liiE4 tiiiikin^ a liolc ii> n!*i'i'iVt’ thi: tiiln‘) aikd nmk^r it Fiwt in l£t> vi*tii4i+l iw ihftt tlw? 

tiihi^ j;^n:itrud 4 .'»i^ above the top of tho irtm dlingit. Tbo votitol I'V iiivmivj arifJ hiin|z finni th*" 
tH'iUTfc C b\' meacL-^ of silrmips, Fmler it u plan.Hl a vorifwl D in whit'li lh»" walor fiKun 

A ^’iin firip.'" 


He is isartieularly famoui^ for jii^|Miring oxygen earlier than Priestley (1771), 
tliougb he di<l not puldisb it until later. He used vnrinus met bods. e.g. from 
pyndusite and ar&enie acid, from mcreurie oxide, etc. Scheele distinguiHhed 
F>etween nitrites and nitrates anti preparetl sodium nitrite. In 1778 he recog- 
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fiised nicjlybcieinuii aticl tungi&ten rampouads ad definite classes, though these 
oped had been known earlier (Agri<?oIaj Cronstedt, 1758)* Scbeele pneiMired 
tungstic acid and stxUum tungstate (1781) and recognisecl grapliite as a 
mCHlification of carbon (1770). 
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Ck^m I'cvil from ortgMWit W. 

L tr 3. AppMUBlui fur c^llEK^tii^r efl4^bi>n dioxfilo in und l^todikr^. 

4i IntrctdiMtion of u. mout piero of Uitv a botifo cDnULniny byrlrti||wi aUlEiridQ. 

S. Amiup^™c?it for on pyr^Suititi.- with BulphiiriG acid, 

a. BfoW'pipe fkme. 

7. AppiKlItUi* ff^r ptitafniriLfj liycitu^'n Tmm apii iron llllinip;^^ 

K, In. Appd-ratii^ for invicwti^tin^ ths» comppo^tfon cif Air. 

J L Arraiiifprnvnt for oxpL*riiiH?ntii with ^Piporka. 

] VoBwl for Rtnring urid fruit juirrM. 

13 * Inv-ciftti^tian Qf tiu? pToe«^ of iM^iution of caustic allenlk^. 

L4r ^hcefo’fl e|ftctrci«tfttic n^cllirte' ond fdiutian paiii 

KolP the MinpliHty oF th(!> OKpcrimciitJil arrjMigctiiCiitff. 

* Wnlcr. f Iron 


Hi‘ wfla the author of the well-known method for obtntniug Jiycimgen 
eulphule from femnw sulphide and aeid (a reaction which imd been obsort’^ed 
before). He probably also discovered arsine (177r>) and the eopi*er arsenite 
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knoiivn as i?5cheele^s gr^n (17TS). His iiiosit tkiiious experiments on tomhu^tion 
under bell-]ars (with hydrogen, candles^ ammab) are repctitlorus of thotie of 
Mayoiv and Hales. The use of lime-water as a con tilling lin^uicl in combustions 
giving ulT carbun dioxide icaii been intioduced by Blaek. 

Seheele is one of the eJiief foundeis of organle ebembtry. It b, howeverj 
only partly correct to attribute to him the dLscovor>' of a number of ijrganic 
acicb. Among these are tartaric acid {Seheelep lactic acid {liSOb oxaUc 

acid (I77fi: cf^ Bergmann. 1770 and \^'iegleb, 170W)^ maLlcaeid (l78o : Monm 



Pt^\TE 132 

13/ C\ If, S^hiitU /jr iht of air awi iH pr^^^ of 

arid 

I. Hydroj^'i! aiuiir ill a voUime of »ir eOnfinwl by wJ^lcr. 

(I'andic flarnc ccn^bipd by lifiie water. 

iiii^t ranfiniKL by bin? wjit?r+ 

3 ^ AppntntlU* for evolving rbb&s «j1i 1 cnlliwtin^ tbuiii in bUdilniid, 

mentions sorUumi malate in 1732). These substances must all have been known 
at a much earlier date, tliougb they had not been properly oliameterised. The 
same is true of uric acid (Seheele, 1770), Prui%slc acid (Seheele^ 1783) had 
already lieen discovered by Bergmann in 1775, but sodium and jiotassium 
cyanides {17S3} and raercnric cyaniclc (1782) were probably first discovered 
by Seheele, though [lotassiuni cyanide may have been prepared by MarggnifH 
Seheele analysed inucic acid (1780), pyrogallol (1736), ethyl beri70ftte (1730) 
and fusel oil filycermo (1TB3) was carefully characterised by Scheebp though 
it obviously mtist have ijcen know^n earlier to soap-boilers, Iti 1732 Seheele 
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clemoDstratcfl the ^punificatiun of eaters by meap? ol alkalies. It ahuald be 
x)iccially noted that in apite of tliousantb of statements to the oontrary, thf 
frst Kt/Hthejits oj nu ori/anic comjjound frtrut Us dements was not parrietl out by 
Wohler, but by Seheele, who in 1783 olttaincd prussic auiti rroiii carbon, saL 

uiiuuoiiiac and jjotash. 
fciclieele waft the first tu 
show that prot^idiis ocnsut 
In vegetabler aa ^vell as in 
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appnratn^^ ivhieli Selicele 
eniployed in liis researches 
was th* aiiupte^t imagine 
abbj and might well be 
teriusxl lueiigT^. His work 
pnjves that tlie grcate&t 
possible cheniieal dis¬ 
coveries? can l>e made 
witliotit LLshig complicated 
apparatus. Altlioiigh our 
ignorance of liLslury has 
caused fcScheele to he 
crecliteti vrith niany dis- 
coverieft which others had 
made he rare Ldtu, enougli 
reniaius to place him 
among the greatest 
chemists ti( the past. 

J /art i 7i // e III r ich 

Klaproth (1743-1817) was 
anotlicr of the great Bcrlio 
jihannacistft. He wai^ a 
very fuTtunate lovefttigA- 
tor^ in that he inissessed 
an iinusuai mastery of 
hdth qualitative and 
quantitative analysis. It 
may be note^l that lie and 
Hermbstiidt. were two of 
the first German sup¬ 
porters of Lavoisier. He 
realisec) the chemical indi¬ 
viduality of ct>m pounds of 
uriLnium (1781^: uranium oxide and hydraleil oxide: uranium ores had been 
known much earlier)^ titanium (ITWo: but cL Gregor^ 1789)^ ijaiii|H>unds of 
zirconium (1781^), stroiitiuiu (17ft3: strontium orea appear to have l:>eea 


iT^I 4 .A,,, — 4 trr 
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hrtMffr^hwi lyn iht ttrftturifm o/ lAr 

AnKpitlt^ l..uA'«ikMvn ih*-' niCuft itli^H>rtarhC Frvnrii cliumtil 
anil A iiipnibcr of llkti ^ bni'n In 

1743- He won eoiiikmiikEHi ta ik^th by ihp inivolii- 
tionnr}' triliiuiiBl on rutJI? ebnr^E^, aikU wa.^ on 

-Vlmy Kth, 1704. 
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known to Crawford, IT&Oj n.Ti<l cerium He prepared telluriutti 

compoundig (telluroiis acid, ITUii) and dU^rovered mellitie Heid. 

Antoine Zaurmi iMeoiaier (1743^17ft4), a Ftencli cbemiat, was executed 
in the Revolution on demoruttrabiy false accusations. Hia chief work 
has already lieen doscrilied, ajid is sutiimarised in Itis TmiY^ dlemenlaire rfe 
ehimie. 



"TT V'sif'rKfihi-nj si(.r 
& tJiii piacli Urij M Khi* 


K *. M]f‘r Vp^i^Fr^rtu ri^ J 


5 App|[niF 3ur 




ilsdi#r Appjrrv 
Pn'ntley 


fr*r rurVf Ftfffir* ng 


tApparaf zaf 
prtiiii nrflitiimchtn DfcifrJli Kflji, 


ft'LATE 1^4 
ApparaJwt 

Luvoljrciti'r'tf maAt*T^' O-IhO to t.t» of 

1* Al^ihtro-tiu for oVollrin^ witli bt^ttlchj for w-iiidliiii|f it, 

2, Tho faiiKiktdf ctKkliitiai^ of tnrnflirj". 

4 aiiit l!L Ap(>liraLutf for (.he eoCThtiLiHlkiil of phonplinriiDi, 

The sttuoe lAith poeiiniiatkE! l3rTju}^i of marble, 

R. App^krBttu:^ for iho xtyntfaiHrbi of wator^ iit^ko^ elpelrie 


In must of JiU famous uombiistioii experiments the siibataiice used waa 
burnt in a confined voJume of air in n bell-jar, retort or glass globe. Jti the 
oxidation of mercury he used a retort attached to a pnoninatic trough 
(Pricstloy), tlie retort being heate<[ by a small furnace. Phosplinrua was 
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ignitcfl iiiside the globe by means of h burnmg glass, ami hydrogen by an 
olcctric sfjark (ef. i.'avendish)* 

The apparJittis for the reduction of water consisted of a steam generator, 
a ted-bot tul)* filled with iron turnings, a cessel for condensing und worn posed 
water, and a pneumatie trough for collecting the hydrogen, Lavoisier oftojj 
used Woulfe’s bottles m his apparatus for preparing gases, and tlie iiret practical 
apparatus for weighing gases is apjMirentl 3 ' due t-o him. Lavoisier knew that 
all organic comiKiunds consisted (jf carljoij. hj’drogon and ox 3 '’gen. with the 
addition (especially in animal products} of nitrogen, sulphur and phosphorus. 
Ijivoisier also contributeil greatly to the foundations of organic chemistry by 




PL.4Tli 13,1 

fl/if’fiJ'rrp A. 

rii<. wftUT vopcui iM dpcompos«l Fmasina throUifh Iran lutjc flJTeil with iron nliiUTB 
whii-h i» huatml »o KHlnedii. Tlio OxypJti carnhino* with ihc iron, iind«Knripo,!ed water vA|H>m 
iN^KindtfnwiHi in the rooted epintl and tl>" hydroiBfen rormrcl m collected in the h«l!-jor m the 

pni-limiitie trough, 

laying down the principles of analysing organic compounds for tbe elements. 
His method consistctl of burning the organic substance and collecting the 
ga»et}U 5 combustion pcotiucts, water vapour anrl carbon dioxide. Lavoisier 
(i|s«> measured the amount of oxygen nceeasary for combustion, using very 
complicated gasoinetcre. He also attempted to carry out the combustioii by 
means of mercuric oxide and potassium chlorate (1788). Although Lavoisier 
did not obtain very satisfactory' results m his organic analyses, he catablishetl 
inethmls of absorbing the combustion products (carbon dioxide with caustic 
|>otash. water with calcium chloritle) which arc still in use to-day and which have 
not been impowed upon. Ijivoisier also investigated tlie phenomena of 
fermentation. He and his collaborators founded organic nomenclature (1787), 
iutnidHcing the terms alcohol, ether, organic acid, etc. 
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Johann OoUlifb Oahn wa5 a Swedish ehemi^ of 

school. He taught that bone ash was comjjosed chiefly of cakiiim pJioaphate 
(whicli hads however^ heei^ obiuiiiecl from bones even in the sevent^nth 
century)* He aware of the presence of buriuin In lieavy Bpar, was the first 
to prepare manganese metal (by reducing pyrolusite wUJi cArbotu 1774)^ and 
was a niAster of blow-pipe analysis. 





PLATE 13H 

Appnra/iivf Vr L. Lfivo^itr^ 

P Uaion^c-t«r ftlk-d with nir^ 1^ C.i9JiMis>i;itpr tnp. *2^ 3. Tube* iHuEinjf id q. fn?Her\e| 

^ifBAOtiielor. 4, JSv Veftwttf RIM with hygruKcopir for 4.Lryia^ the air in the ^Aiiornvtor. 
i'K a, 7, S, a, 10. TiilTCd- tD the laiDp 11. A Liu^ jtar. 

J2, 13, 14h 15. Tulwrt fcir leiuLLn^ th* rombiiAticm gaiR^. Irt, 17. FWfc uihil spiral for 
I'umlontimg wutvF vapeur. l!», Ttifc)^ (lik^ 4 amJ 5)- for rTtaioiiLjit tke rest et the waU'r 
VupouT, T2 umJ Jinif filk-4 with for nb^orhin^ t^arbon dioKide, 

:!3, ±4. Tub«^ leadh^g to Ihe potash v*y^U. 2S^ 2V. Drying :J0, 30. Tubcw U> 

^aHoni£^U-r for drO^miiJUii^t the of unuiwd gan. 1"he proportiaruc of OXygi?ii and 

nitrogva iji tlliri |$a>3 aLw hwl to be dotenrun^, 

o Oil Cdntabier. fr* e, d, #* g f^iphon feir siippl^^in^ oil to the lacn p. h. i Tubes t?arryiiig oiL 
31. 32, Rod for raiHuiiziind loworiiig iite wickr D Cotter with nn iron ^^ap dtting into a gron%'e 
ja tho plihU£ veswJ, Thi# groove in dllecl with irwrt'iuyv thus ziuikiDg the gElM^Oght, 

T^ii^ in the dfHt appAmtiui for urganir tmaly-H^iAL Owing Id itw undue eompIc^Kity it did rRKt 
^ve aer'urutr mruitR, ft however, importnnt, tt itllTodlU-Cfi ni*> principles of absorb¬ 
ing wAler m eaJciurn vllloride and narhot^ cHosHie tpi i:idiJtitiie |3ut4Kib. 

ScdJi> in feet. 


Cbitide Lotiiit BerihtJhf {1748-1823}^ a Freiidi chetnist^ was the first to clear 
tip the ctmipoaition of ammonia (1784), of hydrogen sulphide (178fi)j of methane 
(1783) and of prusKic acid and its salts (J 783). In 1780 he showed that prussie 
acid contains nu oxygeti, thus dbiproving Lavoisier^s vdew that acids must 
i'ontain oxygen. He discovered cyanogen cJdoride {1787) and fulminating silver 
(1788): the latter was, however, known earlier to Kunckel* He showed that 


















PLATE 137 
,4, L. 

D-E Iron hjctun with aih iron *pc al rtit^h efuJ ; tlin li^in rcttia On nioVbbl^ rolk'r^r P ^Voodort 
iccnlt^^p^h- m->-i Phiri4jl f'atT\^iii|; ihn i-npprr Ml-|ur A : thki brll-jur fa ^>jnm at tlio iKHttoic 
and iJip« into thv wntalnjpr L, SJ* N, O. £i» H, 1, K Pnoiinnit i£> trou^h. V OliW 

bcit-jar. 

I, 1 3, 4, Th, Tubefi for JoHditiit tiu' into tho gasonioter. 
lip 7, S, U, 10. Tnbi>ri for niLcip^ tb^ glft>u bo(|.jnr wi th goA^ 
li, I3p I4p L*!. Tllhtti for Imrting thr gn^ to flliy ri?c|tliml itfiot. 

Tolw^ for 4niJ nmnHuriii^ tl)o pn.'ff^iErO in.^ido und ouI^lIu the g\BA*i btdl-jnr Ai 

LB^ljiTiior » bpfi^irhi to huvr boon h tnip iiicaKoriii^ Infitnimont^ nnil not morely 44 

vctU4?l for Mtorapp- 

rtist understand that this point was coiisistetit with the law' of constant 
proportions* Finall.v, BerthoUet demonstrated the presence of nitroycu it» 
proteins. 

Siyis7mntd Friedrich Hermhstddt {17.’>S~llit33), pharmacist and professor, 
was the first representative of (jivtjbier's school of chemistry in Germany, 
and translated Lavoisier’s chief writings. He promoted chemical technology 
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potassium fcrrucyanide contained iron, discovered the bleaching action of 
chlorine and hypochlorites (putasaium hypochlorite, 1787) and discovered 
potassium chlorate (cf. however. Higgins* 1777), 

In contrast to Proust’s hypothesis of constant proportioiiB, he eiuphnsised 
the effect of the quantities used on the course of a reaction. He could not at 
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(e-g. the extraction «>f beet Miigar) and pharitiacologj', eajieublly the elassiiica'' 
lion of vegetalde (Lrtig;» and tlie tuse of chemical analy^ in phatmacy. 

Jiikamt }inrthf;itmUna Tromimadorff (1770-18S7), pharmacist, founded in 
Erfurt in ITStathe firet Oerman university jiiiiii'iiiaL'eiitical institute. Otittuigen 
Ui'aa the firat university to include piiarmacy among its subjeets for study. 



I'HTK 13S 

fh* !w« .UaruMi, f^bnui 

Tltw upparatiu niak^ it pcksdihlfl to qiltmtitHM tif li;r-drD^.ii ami 

wJiii^h an.* eamliincd by an I'lm'trif i^liftrk to vratvr in thc^ LnvobuEi'T m tbf^ 

Jt may tw hiOt^fL that vnn obtMjrvwl tin? nmi'll of ozdih* in 17 A 3 , 

Before Troiiirjiijdtjrff, Wlcgleb had uii infttittite ff>r phaniiacy In Langecii^ka, 
an<l HeriiihKtadt for n time in Berlin. TronimKfJtirlf 4ik44> foundetl one of 
the fir^t independent fueUirie^ for cheniteal pliarniflce^itieal prrxlucts. 
His iiystenmtie text-book had seveml etlitiona. and hit# Hamiburh der phantui- 
zeufh^cJi^H am}kiiiifU (17U1*} was the first of its ktttd lit the (iertnan Jangnsge. 
In addition to the sulistunees rtlrendy mentioned in the preeeding sections. 
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tlie following were discoveretl or described fully for the first time in the peruid 
up to 1 SOU 5 ^—' 

1. ISOROA!dC Sl’HSTAXCBS 

Elementttry phosphorus. Gist i>bt<ained by Brand in 

Magnesium conipouncla, Xeheuiiali tJrew (1003); nietaLlic cobalt nnd some 
Dobalt ssilts, Brandt manganese mmpounds, S. J. v. Waltz (ntt4), 

potassium iiernmngaiuite, Pott (1740); platinum (know n much earlier to tlie 
Indiana), VVwm:! (1741), dc Ulloa (1748); tellurium. Mfifier von Reicheiistein 
(1782) (tellurium ores were known earlier); metallic molybeienum, Hjelni 
1)782); metallic tungsten. J. and F. d’Elhujar (1783) ; titanium, tTregot 
{178tl); yttrium orea, CiudoLm (17H4J; chromtuiu metal, chromic acid, potaa- 
aium bichromate, eliromium oxide, clLrotue yellow, chrome green, Vauquelin 
(|7fl7) (tliuugh chroiniimi ores w'ere known to J. G. liehmann, beryl* 

Uuiii orea. ^'auqiielin (1708); Vauquelin also found chromium in spinelle and 
emerald in 17U8; hydrofluoric acid, .Sclivvanhardt (167U). Pauli (172n)J 
so^liiim nitrate (known earlier but not w'ell characterised), Bolin (1883)) 
aluinhiiuin aut)ihatc. Ettmuller (1884); cuprammonium cliloride, 8tihber 
(181*3); fusible metal (RoHe^s metal), Valentine Rose (1771) (hut cf. Holmbei'g, 
iHtll*); sodium phosphate. Hcllot (1733); aodiuin araeiiate (Macquer (1748) : 
potassium bicarlx>natc, J. Bohn (1383), C^rtheiiscr (1737); marsh gm* 
(aiialysetl), Volta (1773); carlxui monoxide, Lassone (177tt); potassium 
chlorate. Higgina (1777); aulphnr chloride, Hagemann (1782) ; phosphine 
(ajKintaiieoualy infiainmable). (.Jengembre (1783) (stable), Pelletier (171H>) ; 
}Mitaa.sium arsenitc, J. Scliultx (1786); artificial cinnabar made in the wet 
w'ay, d. Bchultz (1787); inagneaiinn ammonium double salts, Fourcroy (17l*U); 
tin oxide and dioxide, Pelletier (1702); barium and strontium nitrates. 
Pelletier (171*1); calcium ph<J«phate. Smitliaon Teiinaijt (171)1); ammonium 
chlorate, van Mona (17!)0); carlKUi diaulphide, Lampadlua ()7ihl) ; chloride 
of lime. Hmithsun Tennaut (171*8); mckcl (found in meteoric iron), Proust 
(ITUU); aodiuiii thiosulphate, Chaussicr (]7fh*). 

11. OhOAN'IC Sl'B»TANOBS 

Potassium oxalate, Duclos (1831); ethylene froni alcohol and sulphuric 
acid. Becher (166!)); formic acid, Wray (1870), Fischer (167U) ; Koehelb 
salt, 8eigiiette (1672); potassium ammonium tartrate, Isbnery (1873); 
bergamot oil. Barbc (ItiftS) ; prussian blue, Diesbach (1704); thymol (known 
earlier, hut not described), Neumaim (1710), KIel>cr Bccmri (1731); safroU 
Maud (1738); (Kitassium ferroe^’anide, Dippel (1710), Marggraf (1730), 
Macquer (1732) • cinnamic add. fieoffroy (1737); ethyl acetate, Comte do 
IjmragaLs (1750); cacotlyl. Cadet (1760); inerenrie tartrate, Moimet (1766); 
sodium malate, Monro (1767); oxalic acid, Wiegleb (1760), Pr. P, Bnvary 

< f'linAfiltorus prnhuhly hitnwn Bcrhid (MS. In the Pnna libmry) nrut tn oTbcr 
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(1773): meitthol (cai:?fu))y described). Gaiibins {1771); picric add, U'oulfe 
fJ77l) (cf. (IkuberJ; urea, H. V. Rouelie (1773), Fourcroy and V'auquclin 
(17!»7); citric acid. Retdns (177<}) ; ethyl formate. AfeclLus (1777), Ruclioia 
(l/W), Foiitatia (1777) noticed that gaaci: M'ere absorbed bv charcoal ; caiti- 
phoricadd, Kosegarton (HlSo); calcium qninate. Ilcrmb.Htiidt (178.5); diitHtase, 
Irvine (1785) ; suberic add. Bnigimtelli (]78fl); clioiestcriii. Greii (1788), 
t'onmdi (1775); picric add. Hinismami (1788); glacial acetic add, Uivitz 
(17811); qiiuiic add. F. C’h. I-iolTinann (17110) : grape augnr Ifuuinl in diabetic 
unuc), Fmnk (17U1); co-sein as a prutdn containing pbwphonis, Leiden frost 
(17fn); grape augar and fructose found in Jiojiey, Uvitz (1783) ; gallic acid 
Irorn gall-nuts, Deyetis (17113) ; inouoc’bloracetic jiiid triddorneetic adds, 
Ltivitz (I7b3); ethylene and ethylene chionde. TKHista'yck and Ddmanii 
(1703); nartotine, Bnunie (170?); eibyl siiljihiiric add, Dabit (1709): Daniel 
Ludovici (Hi7l} apjiears to buve obtained niorpliine.' 

As teganh j/fiormacevtim} ekmtMru, ' here are a large nuiiiher of iniixirtnnt 
dtemists. many of whom (as alreatly mentioned) began as pliarnmcists. Among 
the most iin|H>rtant we may mention (omitting many otijer names), Ijemery, 
Deotfnoy. Neumann, Houelle, .Murggnif, Rpiclmaiin, Dcmacby, Ranme, ychede. 
Klaproth, Hermbstadt, TroinmsdorfF. As always we may note that the true 
practical diemista can only l)e trainetl in the laixjratDries of jdtarmacies and 
nietalJurgical works (Unmstedt, Cramer, Gahn). 

fbo eighteenth eentury saw the l>eginiiijig of investigiitions to discover 
the active prindples of drugs, and hence also the <lcvelopinent of sclentifie 
pharmacolt^y. There can luirrlly f)c any j>eriod in which more special work 
on herbs mid I'lrugs was earried out than in the eight-ecntl) cent nr v, 

J he analysis of drugs in the eighteenth century dejasuded on the following 
proitisscs 

Firstly, dimithiion with water or steam (iis in tiie prejMratinn of ethereal 
oils, previonsly described). 

Secondly’, by ftetitinff : dry distillation, aublimatioti, incineration. 

ThiftUy, by c.r/r€tr/jn« witli solvents (water, acetic acid, alcohol, etiier). 

Thus, for e\ample, Lejiiery preparerl extractii frtjin rhubarb, aloes, opium, 
etc., tinctures from gtiin benzoin, myrrh, etc., and distillation prodiirte from 
guaiacnin and tobacco. From julep extract Jio obtained a “ magisteriuni,*' i,e. 

H Of did obtained by [»recipitation, 

Ceoffniy used such analytical expcruucjita to discover cinnamic acid, and 
Neumann to charaeterise thymol, while the plant acids luentionefl earlier 


„. ^. 'V the ■'hpiiiir-a.l pcriMliriiLa bc^aji in niicvnr, n.if, t’fpll'w 

t’ApijiMrA* ^n»Ki;«» nnd I In’ Kivtic}: innate* Je Vhimii ft itf 
“••I'*! 'bf niiiPt«niilh raitiipj', in Ck-mtany. 

/Or hi f/ijrnne, E?>34, LiVfriyV AntwU» JH37 iw Ani^af^n 

Onwoidfl tlir litlE. IE Anufilrn r/cr 

II. JyriiiilipalH wpawy nu'iUtaii the foItoirJrbiz; I7WI, UDltlingV.t/rnnrMirA. 

jar Achcutetil^lUf ,mH A^rtrrt 17^4. Trominmlnrff-^ Journal. IT(i*. JJfr/inXA«!,ncA *i- 

J fianuuzie ; ts I j, Othttn * Pfptrtorium rffr . I HI’S, .\fitjp,zin /Hr Mittrutzir. 
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cantc into t)ic sftroc category. Kiiiickel and Humherg flhowcd that the itieineni' 
tioii of vegetable drugs Icadu always to essentially tlie sttnie kind of ash. and 
not (as had been previously supposed) to a different ash for eat-lt drug, (It is oi 
course true tliat tiic salts in tlie ash vary in respect of their content of traces 
of iodine, tluorine, Iwron , manganese, inagnesium and bronnne, which may he 

of great rnwUcinal importance.) 

These analytical processes did not of course reach perfection in the 
eighteenth century. 

Aiming local pharmaiTOiKeiaa we may mention tlie following:— 
Braiulenhnrg (l<}b8), Swetlen (170:>), Pnissia-Brandenburg (1713). London 



l»l,A'i'K I as 

Tfm fihtinnnetf ut K&pin^ {CiwHUn}, 

Willwim 8<-h(H!lr (174-'"17S«) livrtl Anil wni-kH. In bin inodmt Ulxnatsry hf? mnrlp n 
■lumticr i>r liriJIinnt ilMMU’uriiw, uic^IiS-Jing thul of oXytiCli. 


(17l»), Vienna (17211), Wurtteniherg (ixinsidered tol>especially valualdo, 1734}. 
They dt« not differ in any es.«iential reai»ect fiom jireseiit-day phAmme(>|ia.'ias. 

"pharmacy natumlly nia<le ufw of the new chemical rlfecoveriea of the 
period. The following are the most important substances in question:— 
Magnesimu compouiKU (oxide, carbonate, sulphate), phosphorus, phoa- 
phorie acid, ealcinm and sodium phosphates, calcium chloride, ammonium 
acetate, sodium tliiosulphate. [Mitaasiurn chlorate, chlorule of lime, barium 
clilurkle. jiotHssium perinangaimte, chromic acid, potassium bichromate. 
ao<]ium nitrite, sotliiim acetate, mercuric cyanide, formic acid, ethyl acetate, 
trichloracetic acid, acetone, glycerine, lactic aciii, tartaric acid, Rochelle salt, 
citric acid an<.l sodium citrate, cinnamic acid, sndium benzoate, menthol, 
thymol (probably known in England liefore the time of Xeumann), gallic acid, 
pyrogallol, taiuiic acid. 


































PLATE 14ri 
Chtmiciii tfppnraUi*, 

Th£*ttrj(^ t>v, 

ltS 5 i^_ 

1. ^^tiH-heail witli 
H-idi 5 [ipt^rdn^T^ 3 , 

8 tiJ^hEiui:l with i4ajp- 
ruw ofH'eiiJij|. 3, ytill- 
h^ifii 1 wit houi Hi>tivi«r>' 

oppii V'tn.-iitk 

for littjnpi tm a oon- 
doikiL'r, 4. Slillrh^dil 
witJbiii,it 

tubfv ^‘ith Q narrow 
opL^niiij^ at Shp Eup 
ti likli nuk cEowfi. 

.Stil|.h(^Ad with 
dojiwr^' ttllH? ami mt 
ofrf^tdak^ III tlw |e]|p 
Tor littkii;^ a rte«:H>nd 
iNiadi'iiiM^r, El, fi^i of 
four HtilldtiNlib;, 

uppMjjwwt 
7+ .Sk't Ejf thrw 
|ji‘^f|^i, unJy 

Hikf whif'h 
lEtdivpry tiibo, 

oiodCfl. ,S, . 

wfct h tfi^li vOry luho, 
van Eni iL'iocI for mub- 
linuiliun. II, KniEEIli 
^ti]l-h(^l wiiU eIip- 
livm' tuljT nikiJ 
oprrnioi^ m. 1 thi^ t<ii|>. 
lilr ^ubliiniitJokp voan- 
nur-jp tipfIS Ut fh*- lop, 

I L SiiEjUkiutiiuii I’liw- 
r>t?i with ikpoiking 4k[ 

ihD Eofi, J 3. Koiir 
MUbhnkHtioEk 
^Ei|XTiiia]yciLHiiHb thiN 
top 4 iinh flofipd artri 
wit li ikdivt'r^' t ii 
J3, Wide fittfuji with 
fli tunjr Eie^k HUf‘ 
lilUIIJItlifi [ly D riklb- 
JimatliPn V'twyml ojtt'n 

Withmu rim I.r delivtiy t„bo. Jfl. Doll.sJmped »tlll.]i<>A,i irith rim mid 

ilu. ruuiKl tn^tviens, rdniievtiyi hy h tdlie. JO, Ttao rouiitl ntcciwcH. 

!]L ’”• bu|ln>ua Jlnsfc, tJJ. Eiuiiiuat'i'rl Jliwk, KJ„Hk with 

1^011.1 Htnii^ or ftUf^porti fer Iwnpn); in n wiifer.lwth. 2S. Kmnil Klrtt-Jat(oine(l 

■ . iTl KllklulH, tiu’' MtlUlil Im-iIjh ^diown in tllnn and £iltrX-a.i irin ‘HI 


with fltii|.h(» 4 ld 


-J kii pJrtn and olevatkin. 2 ll. F|(Mkk 

ut ttkp. top, 3u. r 
PhiJudophi-r's; 


ry tuU'. 3i. nryniljump with ^l^in dohvoT^' lubt*. 3h, rvikaii, q^Ti 

JAkiibJc’ oaj^niliitinj? vf^d. -10. Phiiu^oplK^r'a with Jat*j-ptl opcrpinir, 4 L 

; vpenmg 4it iho lop. 42. Fiiiint^j! y,4th liaiid|45, 43. Futkm-I wnthokH ikaiidie. 


i 4 . ^partltin^^ fllnnol for N'jmnitin^i 
If. (JtTaizo mould for »c^i-tHirttt iiuf iiu-itj; 


mo.il.] r.nv . ; T n- «af J4kv« fir othiT nlaiorJjd. 

P '/^■Juldf«»r>^^lHkTTitiii^iJkitalla’Trifto^^llar 4 .™.-ihK 40 , HouhtI rruiihk. 

Rumid p<ittopy Vflw? wit>k opimiiag ut tlm top. 53, r*ot with lid 
^ i-urthonw-i^ pot With ikL for pkitlitk^ m the opc-n Ebo. SI. Jbit with islowkqir 

off *' ST. Still-hod wit It '■ .Mooth hiswl,” having a. tubr ftir miming 

IT thr cooling water. <pif. titdJ.I|i.iid with two <lc)ivcry tiibiM pa^iirig tluutigb a A..)!iiij> vna.tS 

hfL <'an«J'a hiB of a 4ti || -h.nd with on nir-ixwlpd Hpiml att iwJiod, BlTstil^ 

h^l with H apiraj eoiidemier heading to a «ecund hitik. from which a Ki^iid .puiml in caiuin-teii 

^**'* *"'“;‘ “’’^h nir-eocled upirnl: in tho eeillre a wiing viMtwl with 
a tnp for raiuimg off this wnttil cooling water. 
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Several vegetable drugs are itlftu uf interest, alttiough it is very tliffieult 
to say whetlier they a'erc new at this time. 'I'hus (to meiitiun only a few 
examples}, ariiicii was reennnueutletl by Jnel in llie second half of the sevon- 



JM,ATB Ul 

Cilieivlinii Thttiiro Hig-J, 

Uouikii Htill A. !4q^nrp utill Himftee tl, Extppt'r wutur-buLh fuiruuhe with ^lili C, water- 

Iwitli with a iiiimher of tliL’^ti IJ, tin* mtm with hf'BtinTp tube- ihmii^h tlie middle 
butti furniici^ wilh a nitnnbor of F, air fumade for hi^attfig th^ ]atior+ with fiie] fftomgi? 

towLT Q^. relerl riiTiiiM.T't FE. i-lia i^ame with rel4>rl Oli a Ifipod derR'i^nBoriura K, drying avE^xk L. 
furEiai-eid for dL^iiUmg nitric^ with rurtmcen L, X, attkOAor with IIll-b Fi 

jkhklozwphtT a oven laeat^i^l hy HpintH of wintv with atvcTiBoric^ dun^ hath nrnl fliTWHSorieR E* 
Huhliination funwe ami iw-f^ea^M^rwcs fi, ^ilikubeFa n.Hort fumneo aikEi T, Gtadh^r's 

htili V, AublirfiRtiDn appamtUB (fiJaulH-rJi \\\ tilaulher ^ retert riimnr^’' X, ordinary' eopf^pr 
furnir^ with bellaw^ Y, brii'^k W31 owb fdltuUM? Z. for coutruikint; retortH A 4 j|, Uio juliiiO 

for p1ii4tlB atnl Eh. nilmtion Blanri wilh Vf^ Till. The two lant pir^iHof apptirAtiia 

ate ly not^wort hy, ai>io the fumiieo with spirit lninpH 
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PLATE 
furnitre, */, 

The riuniifirOfi eouliJ tie s^paralCNl iiitv ^eVimil pjirt^ and tbciie cauld lie put to^tlier liq lui to 
taim a etiil Pt stubUfttiit ion fumaire, a ileoreipgrilJRi, (l wntf^l'-lMilh fumai'f, etCi 

twiith ceiitun^ but had bceE tised adomeifitic roiueily much curlier : t^Uuilarly 
digitali.s (Withering^ 177ii} was pnibably ti^?cd in England atul WaJes( even in the 
Middle Ages. It may be noted that the UMcuf vcgctaltics against fieurvy was 
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firyt jimeti^ed by tht AuHirian miJitaiy doct^jr Kaiiier in the. wur agauisl: 
the I'urks (eighteenth century), while omngeft aiul lemonji were iiiniHarly umd 
hy Backstroni (17^4) and Liiid (1757)^ 

Much nf the interesting apparatus of the |>erifi£i ha^i already been inentiijned. 
Mention may l^e inafle of Becher^s fNjrtable universal furnace from his 
U>rium p&rkUile. lO&O. The furnace wits fitteii wltli 1x^1 and couid Ixj used 
for all pur]K)Ses : fusion, assaying, i^ater-bat h, distillution (bieludlng ft&ttUhtw 
per rantpdjuim and per de^emum). It w«iultl not a])pcar, however^ that 
this foroace found many adhercntH, 



PLATE 143 


iUusimt^tl iM wSi^hr^kr'* Phatm^Jk^yfinrn- Wfiifw£( , 
tn^rEimjh pilitEuii hy Kuri^.'hwi Lst, Frahkrurt Aiiil 174 ^ 1 . 

Larj^i h^l ** sitW an riiniiR''c ; i^tilJ with nir^CroolinpE by n lubu. thti rcctnvur 

tKiinp on nt\ lic^ 14114tAblc RtJinfl i Etir^ uJiiiiiM witli flvti bulbn and HtitL-liii.'qad ; Ehn philo- 
iuphErr'a mi] I," n Iilixd4anicid].v tiri^'XJn mill iwsffd on the peslk and mortar, (Thbi typL* of 
mill VBA kiioHTi to Tlic^j>phil if«K 

The me of oiJ iintl ajiirit lanipw fur Jieatiiig ghidualiy gained gnnind : ef. tliC 
lamp furnaces of A. de Sgnbhis (lflS2), A. de Heide (in^^^ll: with raised oil 
rfejCT^'^oir at tbe side) and of Ban me. 

TJifttillation niatle an essential step fnnvard in this period ’with thediscuver^'' 
of the catnker-airrent condemer by ('hr, Ehrenfried Weigel in 1771.^ 

^ Dariotfl ** Mcinr'ii hi'-iul itlf^l-dltttioTi apikqrtiftiM | loiU} hnrt bivn rirtn'ribtnl ca ths 

fort-funni^r of Wriii^rfl : flio HiAOlio^ ^un'^r tiili I'Ol'itilLiiouBly inlo thif i;oo|:i[ii|ij tUid k-ft it 

fM'Ar tllli^ top. T}kiH nlT 4 lT 1 ^l 1 Hm«hI ^lid SeU, !l'M>w 4 ^s^f!rh I'OiiAtltyti' roLtKiEf^t-i'EyTk^ot 

1 -ynd^-llFH^t. hi iJariot'sfU'Hkml iippiiriiEurt t^up of «t(idvi*r wrta {cook'd by si lun^' ini lifted 

tliiiHi rpiiombHnii loxULinully U'tJgiiP^ n^aiiEJctinwr : JL did not, bowt^vpr, bjivc a 1 * 011 - 
timiou# Uow of wuEbt. 
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In Weigcl fl JipparattLs tlie stream of water entered at tlie bottom of tJie 
condenser, which surrounded the lower end of the delivery tube, near the 
receiver. The water tlins flou'ed round the delivery tube and left tJie con¬ 
denser at the upper end, merely overflow ing into a wa^te funnel- Gcttling 
itnpruved this veiy^ simjile arrangement by introducutg an exit tnljc hir the 
condenser water. The advantage uf Weigel's apparatus lies in the fact tJjat 
the freshest cooling water meets the coolest vapour, thus providing efficient 



in,ATE I4J 

(VVr^r# rounUt nurt'rppl ihe 

y U*V(? wilh retort , Tlwi coikileiLseT eonRi^Ln a (ube through whirli watvr IIowh in iHrt otipcwln^ 
■ lirccfcinn to tfkut iii wbEth thti v4|KHir Ls^Ucs from tht- nHOrt. hk thU wfiy tliri vapour 

ttM^ <"r,xiWt w^ater, A JUntort. w, A i:mU\ B Support Tur the- iwwk of ihe^ itHort. 
C (u3 iRif tu HurroMAthnif t hr ^Ibuh EL-tive^O't«Ije. D Vrr. F ^uppo rtft, G U^ochW k 


condensation. The condenser stand is also due to Weigel, but wnn cn)nsider- 
ably improved by Gay-Lussac. The apparatus was later know‘n a.s a E>icbig 
condenser, since its extended use was largely due to [..iebig.*^ 

The tiro-nfcked Jlaak i» generally attributed to Wouife who iiHed 

it in his apparatus for ptie|jatring ethyl nitrate. The original Wouife flasks 
are not, how'ever, like the later ones, since they really only have one neck, 

' Aiiot^rjmjiitjveEiu*nit 41) cliKtilEMtEoji iHiyiii inkpiwed frai^’tiopatiun. ]t wan ot^^mnJiv CrtJtjHil' 
Xfipmnnn ( 175 ^) wlio flrni hiul thi> idfi»a iif ftddinfr tW liwtitlutf lo fnah fkw tkkR^fhiidJ'VirLBttMid 
oJ to thA remicJikK), Ihiw utiluiik|^ the AxtriiL-liirir) h'tjuid moi^ 
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the second ojicning being a lateral tubus,. It is probably iiiurc (xirrect tu 
attribute the introduction of flasks with two or more necks to Angelo Salu^zi 
He used flasks with two and tbroe necks earlier than Woiilfe, and it 



ri^tTK 145 

t^pet t?/ dutilimff nji|wmluv» pV» *er^alttnih muf fitihtrmlli 
Fmlia XurnifUlii, T/ftrt titl 

Fi|f. I. Ant \i\ tiE> form of akonbir. 
i 3, ApfuinUuji from Furtn. 

4. AppanltliH For obtaminp CHa&nc€^ and ^thc-rml Oils, U-mvTy^. 
iS. xVppamMJii for lii^iliMiny vas^tabli? aytjitani^. 

„ li* Cnolime 4ippiiraly.^, I-e 

„ f>|d apjiamtib^ for Iho fijrirt iitogo dutillittioa of eprritii of wiop* 
,, Ak^mbie, fjlnuber. 

,, 1^. Alorobip with lipiiul cDtkdcn^or. 

-n IWi. Spirnl condPUfteTp BuTpbuae.»jn 
„ 11* eVoJing t«he, 


ip probably from h im timt Luvoipier and Bergtnatin leamt I heir um . Tlie 
firMt oxygm bhw-pij^e appears to iw duo to F, L. EJiriuatiti in SlraaHuurg 
( 1780 ). 
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PLATE lie 

Eariilst iif art/^n 

F. L. FlmnAijii, I7?W. fFigv. 1—IJ blow-pifu? oa SaujieiutQ C). 

Porouts filter-pajwnn are iiieiiiionBrl iii Seliroder's Phanitiicitpeia Unhermth 
(seventeentli century), hut are oertiiiniy older tliaii tliis. The same appliei* lo 
separating funneLi. 

C-onsiclerable interest attuehea to tlie electricfi] ignition a|>|)aratits of 
Fiirtiteidjei^er {1110}^ who prepared hydrogeti from siiiie and t^ulphurie acid 
and ignited the iaauirig ga« by im electmphorus luiilt into the apparatus. 




F/ff. J. 
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We may aJekj note a number of pieces of apparatus for ruakiiig artifichil 
aerated water* The first praeticable de^dee way that of J, North (177uJ 
euiisisthig of three globes. The lowest globe contained the goneratiug aiib- 


DesttUation Unter^STJchuncf 

LjckTiJiprcbc 



ReKti.t'i kation 

Mohrcnii^ ;jf 


y#- 

tjldzkifbtn 



SririH^Sil^P .v .j 
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Attciarate ii 2 t’S=kTifLk-liJfi uun VMngdst cl 
Li I Olm 
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Appitmitu /or atfimmn^ Hhcrfat oit#+ rp^AliT^wli^* 

RniUfirntiuis ^jrtni^ Ly milUlt km. Kote tbc? lymstmtkm filler |inper iintl of a 

•wfNkrntiTie ruiiivcl wita top. 


tlpHlpiling; Ap^i&riitiis vUtk rmilocl iftlll^hoar( 
ami wntr>r^Wh. 

Still->K>m{. 

Invetiifjatmn. 

Lilmuit icflt. 
kith', 

Bofl, 

HyiirtmrK'tor, 

Tc%t tliifthlntieiin. 

RvaporatiTki? a];>piirpll 
/ferii ^nUCiW. 

OlHiH Htill^lu^fllL 


SpiEU] 

tapper 

^t 4 ?Am»bfith. 

AppBrmu:i^ for m.'Liryin|t icpirilH of 
4 ml oik* 

FiiTrof ■H>Fp. 

Funiii^t or^hr^t iron. 

LitL 

apparatus. 

Fiiteir paper> 

FLllmtiE^u i>r irkCii-HjArm, 

rcr 4 k Vfl, 

RwwiwrL 

Meparatiim riutrmL 


stances, chalk and snlphtirie acid. The two iip}>er globes could be removed 
and shaken, thus cauaing the carbon dioxide to dissolve. This arrangement 
was improved hy Parker, and later by Magellan. The saturation of water 
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with caiboii dioxide under jircaaure wrb jiractifed by Warltire (177fl). Soda 
water was manufactured on a large wcale by J* A, Weber (1781), Joseph liaader 
(17S4), and Paul (in (jeneva) (178&). 

With the exception of pharmaccutic}i,| laboratories, there are nnt many 
illustrationa of laboratories of this jwriod (i.e. the end of the aeventecntii and 
the b^injurig of the eighteenth rentury). This is partly due to the fact that, 
few univereity laboratories existed at this date. The most famous example 
of a eontempfjraty university laboratory is that of the Altdorf University at 
Numberg illustrated by Joharui MoritK Hoffiiiann. It b a large and 



PLATE I4S 

.UfiVwrftf u'uleT : Furirr^ amf 

fPrppAratinri oF rartion TjioxJdi* frcirtl chnlk imd oil of vitriol,) 

A Kv<k|iitbin 1 F EvdlLitinn T 

15 AtMCLiption vcdiitel \ Farkor 0 AlMorptioki V EaU. 

C PrfMi5ura vesB*tt] J h| FrOro^rv Vevtdel J 

K Htandi fminek li'ioilaiirD^ tsJwveL 

magnificent laboratorVj with furnaces for fusion, Hssaying, distillation (all tinder 
draught hoods), an iron Jahoratoiy funiaee. fine glass x'essels, alembics, sublima¬ 
tion aptiaratna, and many other things, The same building served as a lecture 
theatre and has a lecture desk and seats for tli* students. It docs, how'ever, 
give the impression of lieing designed more for appearance and show than for 
actually carrying out chemical work. J. K. Barchnseub laboratory at Utrecht 
is less grand, but probably much better adapted to real work. 

The little vignette of one of Sehcele'a works shows a chemical lalioratorv 










PLATE MU 


The hifatraiorff nf the Afkiof f Vmt'ersti}^. 

Tlic AHtiorf university labonitury in Into b&roqlie ntyle, h the finrUiwt Civtimui lilli- 

voRiiiy Ijilxjrfllorv^ wf whieh wv pc™.^ a H van Oiirty -KiK Inng, lin^jen m^uIb hUaI 

fourtwFi hlah. It iiK^ urt Bii HnililciriMUn Two [tkr^ flrMUi^hl Iw^wLc wilb rantiniiutuly 

biimuiK fumiJM^e, ht'ltoi^fn fsjmaee* fumaen, funuiw, IrtJiip ntmneo, ash^ 

watj^ir-lniiLlfcfl. ill^tilliition upiuiratun, “ Moor'ji hwfad " utill, rf!niin]l inJ!! 

in terest in viwbi hi the wincJciwH+ The eiEcellcnt funiipim^tit pivna tln^ Liiiprets^kin tJiftt 

it wii> lined for ^U^play ratln-r ihrtii forwnrLiny w-itln 



PLATE I SO 

Barcku^n*/* Erf TTintcAl, ItiWH. 

Jah, Kout. Uun'hurtntrd tnlxiimtory ahawA m tcmcltinj^ furruira with bnllaw^, stitLi with c^kolin^ 
v'^taneM. dif^tion Ijulh with fuel eontjiincr. mverhfi^tor^' furtineii [or retnii:^^ cupel fiiTnai.% 
for M^rkd-bFSitli tli^tlllatiniik cto. 
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\srhk-h niiiiit have h^n even ml that time. TJie appiratUB 

dejiioiecl rebites? cliiefiy to the testing atid itejmnitioii of gold and It nnist 

be reganied hh an artistle eomlitositioii rather than as a picture of Selieele^'H 
laboratorw 




Tfic picture of Prk^at- 
ley’a labomtciry, uitli the 
orflinary Hreplace adapted 
to eheiiiiea) uijie, illiiBtrateis 
f'hieliy the simple nature of 
Priest ley ei|iiipnient-. 

^I’tie next goo[;i example 
of it fheniical hihoratoiy of 
this [lerimj is provided hy 
the pieture^s in the Dit- 
fio^omire des 

fie-d tirkn ft tied 
fUftkt'd, iTHth 

The laiKiratory illus- 
tratefl liere is uell designed. 
The fiimaees and stoves 
stand undent hn^e draught 
hoixh tliongh lhiw.<^f t^ounsc. 
was no innovation, Benoit’s 
litt<^l high up can be used 
to supply different furnaues 
at wilL Besides old- 

fash imied vessels such as 
alenibi^L-a, eampana, ahidels, 
thete is aLsts ap|)aratiis for 
[ire]mring sulpliuric iicid hy 
hurning sulphur, vessels for 
nieusuring gases, and fih 
t rat ion stands. The whole 
et| ulpinent is, h owever, 

srHiiewhiit inferior to 

LavoiHier's. 

Tliere is mu eh mure 
material available in views 
of ph arniate lit itii 1 la bom ’ 
Tories. Of these we ina\' 
tnenljon the xcell-exeeuted 


PLATK isi 

tahotii 171^. 

Pmni ii t^hfirQK^I work pumrj(^he<l ia 1715 uiulor a 
|iwwlciji,vtn. 

]Ilu.^tnna>Tbii of nnalVriu tif nwt4ih with dmu^lil h 4 ]orJ nnd. 
funiiuvH iuiiIHlv iTULMhli^^ oLipelH. nA-iJcii, 

for or*, snul 6 futaly t L'aI in t'aai*, Ain'il 

am I ii^atpM'iirrit for wfafklmt mi'taU. 


jiictureft of BfilthaBar 
Silinurin, IGT^j; the Capueins pharmacy in Paris; pictures of English 
hihomtories hi the " Univensid ilugazine/' 1747 : Caspar Neumann^s pietures 
in l^erlin, 17^ j Hagetfs pietiim of the Knnigsherg phammey. 1778 ; and 
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iUustrationK of tlic wonderful laboratories of tbe Berlin state pharmney at tlie 
end of the eighteenth cientury. 

The abiindunce of material in this field still further cmphasiiseii the fact 



PL/tTE 152 

4. lii£mrfif*fy. 1775. 

liTi[|Mjrtrtnt t|^^ax^^•E'rk'« in piii-iirniktLi' rturniir^lt^' unr th^ oh rw-itLIrHl l>y ihi^' 

i]Liuitmli[ilir iFitPthlLit^ iTh?reitr>' iw the confrjiinjt Ikiiikl in jim^uniut lu (flw- 

rtjvwerl tti 1727 HhIkh ^ |i|j77- ITO J J ). In this way ht? wa^ abb ttj miti iiiviCT,[ e 

whirh iiFtt hy wau-^r jf.jr. hydro^n rrhlnrirlEr, ‘Fulphiir clioKitlt and iHnfn4iEuu), 

Kit rcaict witii it lallva t^tmUuori^li'h" Thp picture ainyvc^ a {in' j^tP in whirh a jiiin- 
kiarr^‘1 llipatfil. TIief tsa-w clius ttn' in a irLitlkEann^lar ovrr miirciiiTy, On 

sIvfT tabb its furthc'r Apparalurt for coLL^rtm^ aTKl OU ttw >!=frirtH talslo nn thr bft iif an 

iipjTMimlLjtf for inva^t thu aation of ak'otni? hpurk:^ uftem air. 


thttl in the ei|^litc?enth tPiitury rtrfll practicAl fheniiritry waw arLinust 
to the labomtorits of pharniaeies Huri TtietalluTgit-eil wt^rk^;. Right Kip the 
end of the eighteenth eeiitnry it was? prnetieHlly ini|K3^i}>le for h wtiideiit to 
study cheniistn" at a frernmn college^ Hnrcily any inst itiitionj:^ had lectures 
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with experiments, find stUl less ]jraoticaJ eUssee. Tiiere wns a labomtory at 
Jena wliere the able pJmrniaeiat J. F. A, OMtJing tl7r>3-l8tJ«) taught, but no 
umetieat work. There were also bbiiratorieR run hy Pitkel (17fil^J83S) at 
Wurzburg, tmil bv Pniriz Jgnrm Menzinger (|77(i-lS2<>) at Freibnig, but 
again no praetkal rliissefi. Weigel at fireifoiviild and Jnh. Tob. Mayer at 
Erlangen had no bboratejrica. and the same ia true of most of the other 
universities in north and south fkjrmany. At Tubingen, liowcvcr. Hiere were 



PI„\TK 

From thi>'' Univers*! Mai^TinoK" 

Thiti pLetUn" civw tlK« U'lat up to Lbt- rticl nf thi' cfnlury* 

apliaratiu ill ftJl iu formif tfcie miMt itiip<jrtnnt pinti^t at a if 

prnctlcAl unfirr Jiih. trg, (Amelin (17r^3-l7p?i5), Phil. Briedr, (riiieJin 

(17o5-17li«), and later K. F. Nielmayer (I7tni-18l7). Similarly, at Freiberg 
(Saxony) Willn Aug. Ijimpadius gave practital instruelion in the laljomtory 
of the mining school from 1704 onwanls. 

At the univernitv of [ngolstadt the phannei'ist (1. L. Rijusseaii tniight 
pbannacy and chemistry, uaing the Cerman language and carryhig out experi¬ 
ments (UeO-^niH). R. (5. Hagen, pharmacist and professor at KJJnigsbeig, 
had a taboratory fremi 1770 t<i 1820. 
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IXDUSTKIAL CM KM (STR V 

The technique of prepHruig iiiinenil foundat Uy Olaiiber. wan 

w.iHsiiierubly inijiroved in Fmtice. Thiia Demat'-hy deseribcs inipmvcnicnts in 
the inanufaetnn; of nitrie ncirl, and Kii.sonn (nineteentii ecntiiry) givew illuj^t.ra- 
tionB of iniptoved methodif of ohtainuig oil of vitriol. FI. C. Duhaiiiel du 
Monoeaii ( 171 KJ- 17 B 3 J introduced many tcchmiitigical Lii|jroveiiicntP, e.g. in 
connection with sal'ammoniac. soa]i and starch. He whs one of the firnt to 



t'L^VTE IflS 


T^r of thf. Citpudm phtfntnu'y, I*ari». 

Ijiljapatu-ry with niitnrrDiu for ilktillatbik: aJf-mliiloA flml Mimr'ja hoaih^ '* of 

afi.i:3 oiSpppr, iitove with arfnlTtf^Trimt fssr jitinLioiin bntriihfifc wuttfr-b&thbi maivI- 

biitJbt, 

fhfr viwrH |trD|iih^r Vipor*) vit$iblir in tho piotL|i¥ Wen? 0 f c-nilTiriilnrulkle nik? 4 JiibiUq.l IkiTjHpnilncif 
ffuiik lAB fikifliiJe rk|:hl up to rswfnl tiriNT^, They wi?ri* Urtctl only for pErparlnj^ 

tlieriiLk., hilt f^r a uuinfcrf^r of Olhor purpoHe^. Vipem’ ho4r|ji w‘crt" twlsJ hk a. reioMly for 
lovD iMitioiiH- aiilii bewltelukieikpi. iriri their liverfl- for liysHii'itOriiMl epikletikica or rthAlij^iii, 
E-^UitiR yiporarkiTp wii^ pn-lMuetl from hearlH ftud IneiH by pow^lciinf and 

Bi'ith l!pinhi nf wbio. Viper fat (Pin^[va;io vjpei^fujii) knueh tuied cji a ti.^iikE>dy far noitm 
onfl BH a i'fMmvtic for thof^kin and IhPif, ^Mlole vijn-^rh wiw mue.h iin«i ftkf pri-p 4 Hlip£ TherJaka 
A^iiroj-narh i, Jind o(ii phamkacnpa^iaH pnivjtle ikuim^rnLL^ reeipeu for ptepatill^ vi|M?r hrDth»4, 
V'jper tahlelK. vipc^r uil fljkd iroUky ^pceifim apBiiint pla^nuea eoEitainifbg vipenn. 


lujike soda from common sialt* The Kulphnto wm converted to the sulphide 
by heuting with trarbon, tlie to at^etntep Mid the acetate to carlxmute^ 

by calcination. It may )'>e noted that lib? loethud jnulude^ parts of the Leblanc 
proceKft, The next gtep was the i^ork of the imhappy Xieolna l^blanc (1742- 
who cheatetl the French Revolntion out of his disnivery, and tJien 
committed iiuidde. He lieatwl the Hiilpliate with a mixture of coke and Jime- 
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Hfi 

stone. !MJ that on extracting tJie nia^ts a solution of soila was oLtaineil (liret^tly, 

ICi^vhig a resiflue c^ailciuiii sulphide. 

The ^lOcLa industry vias a necessity^ since tlie supply of s<pd» fruiii 

fULiien^l and vegetable sources could not poirisibly meet, the deniand. The smla 
industry presupji^Jtses the Jiiaiiiifacture of sulphuric ueid, vi liLch also led on to 
that of chlorine p hydroohluric acdd and caustic atkali. 

The lieginiuiig of the eighteenth century saw the start of the chanil^ei 
process of sulphuric iicifl ruaimfacture. This procesaj is derived from the 
preptvnitjon of sulphuric acifl jmr {:^7npamyn. a method mentioned by 
Biringuceio. knoa n to Libaiip and first cieflcrihed dearly by l^e Feb re (U' 



PL^VrE 


Thf p/ IJt/ rv*ftti aftTfr phf*^nnrf^ nl Apw ruf. 


Ki]j£nivrii}f tuiccii rro-m Li?3ir}iu£ti cli^r ApathpkprkiinMt/" hy Ivurupc- 

I 7TH, 

Xolt* lht« idmptc uiTfinij^eimmtii j fiinLiw iwiiHinUTtiiHJ <>r hripk^, hitwiII irati ^sioVc, nrmik^Eiirtkttt 
for iligMlEon^ iHlc^ Tlku imprtiiiiton rvcittiv^l lliut Work was re^illy Joikc tii ihkR labomtory. 


Febure}. >L t'liaras fi (518-161IR) iind Ijemeiy' give good ilLuatratioiis of tlie 
preparation of chumher acid in the labomtory* Quantities of saltpetre ami 
sulphur were hunit under a bell-jar and the product ubsorbed in small <[iinntities 
iif water^ An ejirthenwarc pot ivas generally usefl containing a crucible for the 
combustion and surmounted by a glass bell-jar. 

The first laige plant was that of \rard at Richmond in iT3G. which used 
large glass vcsscIh, waltpotre, sulphur and a little water. Karly jdant was also set 
up in Holland and in Rouen, flcinachy aLso descritjes large ghiss globes, 'fhese 
vvcie not, however, sufficiently luqge or durable, and w*ere therefore replaced 
by rectangulftr lead cliambcf^i. the fimt lead chamber plant lacing that of 
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RiTehiiLk at Prestonpaiw. J744 or 1T4U. Tlie finst Gerniaji lead tlmnLljer 
protiet^ wait eretted by Baron vnn W'aLtz at Ringkiilil near fTrf)^iSAlmerodo. 

In 17SJ3 it WHa ^huwii by Clement and l^esomiei^ that the oxidation of tbe 
Hiilphur (boxicle wiu? not aetuaUy carried out by the saltpetre, but by the airt 
wdiich had to be renewed. The enorniti^uH aulphiirie acid bidnstiy thus the 
work of the eighteenth eentory. Hydrocldorie add w a by-product of the 
[.lehlanc pmcess^ and can be uisetl for tnaking chlorine (with pynduriite^ cT 
ScheclcJv thus leading to bleaeliing witli diltirine or chloride of lime [ITOSjd 



PLATE 157 

/^^joratftr^ iks /farmer phamtaef^ in K*itJ itf 

FitJiifc a n>iitiiini|ickmry |vii-it4nil-tak linn^-irvk. 

Mrtr»y TtinidjkiJi imai ^urkcii in ih%- Jfil^>nit{iry tht^ HOit^ jiluinniucv. iiotnbb' f'jL^pnr NL^uiikaiuk 
iMUl Jlix iHi^t rAinoii:i |iupil Ackrir^&iLs Sij^irttnund ^1u.r|^jiL whn in tbi* ycani 1i73ii 
pliumkivjvutical uikd ehuiikik:fll liihitFiJctiDii 

Tlio illiui-trflitian i^hf>vn a ^till-roam with a lori^ fltcick of jifIjLHH waif- and 

alFMi Ukt^' etjpiH^i- Mt\]W. pfobtfi^y fur iin-ikHritkif prwlui-U iii^ntAitiiM^ of 


TflE MANlTACrrRE OF Gah 

The fonnation oJ'condmatible gas on heating coal was knomi as early as 
Ip 530, The manufacture of coke 1>cgan in England in KUO, followed by Clayton 
iUMU), Shirley (I6fl7). J, J. Becher (1^82), Halesi'( I72«b Watson (I7fb>), Lorfi 
Dundoiiald The namecoke ” lias existed since IMO^ In 1781 the 

Belgian professor P. Minkelners lit Jiis lalioraton^ lit [J^wen with cm\\ ga^. 

^ Thu liiAhiifiu-tiii^ af phnplkfiEc^t^lki wan foumlod by with bift pikas- 

phoryni-vat bariiun fnjtphidtfi. anil ixnitinucd hy Clir. AfL ItaUlt-wian u'kth tlku laf plc.^- 

phoni44vnt uAloiuikir A^ilpludr. NufrikuiiEi pi^pArtnl phE^spIlfkrt^Kvfd nAllcrifkl in I7fkl by 

nxiukdiii^ Kyiv^kuUp Arni Lptiit«ry froio hAriuin Aiitphikt^^ iik I73<!i. He a pm nble tu modify lijjrhl 
by the additifin of copper, inm or :£itic. ^lArggrUif know tiint llie Rubft«nccs ccniceraod were 
flulphidcs of eiik>tuiii and barium, but iIh^ iierajfdy of ftdditicknii woa not rcalieeil until later. 

Tac. s 
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The knoivlerfJge of u‘ood gas goes right back to antiquity, V'arious people in th^ 
eighteenth century produ^'ed wfKKl gaa for Ulumijintion, e.g. PhlUpp Lebon 
(1785) an^l the p|]^^^Inaei^it. \W A. l^nnpadiu^ (17UU) in Freiburg-Halsbrugge. 
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Vitv iti thi of ihc fr^nt^ rrj^d j-ititif phartna^'Sf m HerltH, 

IkQir uf Iho h coiitur^^ ranlt?iiiporaTV f^IaxcU pETfi-aiirl-iiiik 

TIU' f^liipWK ^ m.’Yfkhil rrKkm with lui tjirriAjnttfhti&l piiis^uy furnuev, flkio 

nOkH 1101*4 roiiikCoin and d|4>C!k of glfkhot k^^>rafAlU«. 


The phiirraaeist Erxieben manufaeltited illiinunating gas from animal remains. 
All these used iron retorts, . 

Tlie true fouiuier uf gas lighting was, however, the Setittish engineer 
William Murdoch (1754-18393. expeTimented with amingemeiits for gas 

lighting from 1792 onwiirfb in his hoiif^ at RednitJi, The lirst permanent gau 
ligliting was the instEdlation in Scdio in 18U2. llicse early workers removed 
lij'drogen suljdncle from the gas by means of ljme+ as dbetkvered by Minkelaers. 
The first gas-hoUleis w^ere nukdelled on the pneumatie labomtory vesselsJ 

* Lkit^kralon* wprt i^OISmT rtJpiU'd by ITUS^ arwJ IV-pys, lS^;k2, 
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M KrALLURflV 

Th^ Hourishing ineUlluT^cAl industry of Germany was brought practically 
to a starKlstill by the Tliirly Vcara War. Thus in Mansfeld about 16G8 the 
anaiual output of copper was about 3iH>-4U0 liuiidreUweights Instead of the 
previoiie 2(K0u0-30jM>t^ In the seventeenth eentiirv Eteiberg produced about 
HitOTMi gulden iiisteaii of the previous oOtOuir, It w as not until the Het^ond half 
of the eighteenth t^ntuty that these industries began once more to Hoiirishr 



|:ifi 


** ffewi ieh^€^^vr^f^t^ Xr/iNT/fi.'' Jl. V/. Ji n l7lW. 

Thy illiutruLlan ttijp %'<ji|rurio Kllui tii n Sviriliiin in n'mlnd tif the^ Volcniiiir 

origin nf !!4ul|jhurp iiikd tlint \in I'Idyf wOunvii Ia Sicily. 

Tlhii i|ruW4njiz An tliy riehl Apiuifikt iiH for " Pr;i‘pAnilio SptritiiM S til pining pttr Campantiu u " 
i|i]fUnlH-r Hulphorit^ ni^kl, A nkiitran- tif Kiilpimr itml w ijmitsi'ii in n cetiui’n’krj' 

standing m all 'Mii'tliyiiWiirr ■'OIltniTLm|^ nrni eoli'yrrtt nr ii iN^H-jAr. 

Su l|;ihiJri4? nt-id U ftattiiinJ. 


This is ti'ue of the Amherg iron industry, the Ihim minims, Selilesien, Ijtitliringen 
4iT\d Saar, The Siegen iron ioilnstry apjieani to have suffeml leimt by the 
Tliirty Years War, anti must have pn>vUletl arms and annnunitiem towards the 
enrl of the w-xir, 

Tlie production t>f t^oke for the purpose of iron siiieltiiig, introdiicei‘1 by 
Abraham Darby, datets from alKiut 173o, I'hc first blast furnace using coke w’as 
erecterl at (^ijilhmoktiale in ^hro|isliiro, Tlie Hrnt coke hliist furnaw in Ciennany 
wm that of Kreiiierr von Redeit at trleiwitz. ITtiiL 

















3‘rcrrOHlAI- HJSTORY of t'HEM18TKV 


ll^i 

Among other jiupruveiiients in I he inm intlustry we mey tjiiote the 

fullo^i'iiig— 

Keiie Antoine de Hfnnmiir {impmvCTl the iiietlio<ln ot i*teel 
production, especially by cenientHtiun.^ 



JLfuju^/iicisrriL V. IK lYUi. 

VuIvniEni S^jctwwn vtxnl uh\u for iwc iw n ciulDliriri^ inAlfi^r fmin 

iuciDATiitf^ Wihi* on lirtEn,' pxit-u^E, ^m'^sinlly [in^parod from of oh I wiiir 

hrfUTtFa, Inter fnim the iwh of nnk or other wOoiL 

ITie AirU 11 nii^rod with 1*0W 'm Hu* hiitt L nml tlie sjoliitioii Qff titio IK'^ veu^fll K. iTie 

beiniz repented if n<?ccs»wrtt^\ li’r^ wh.h Lhrn eVnpomte<l iluutl 111 the l*(it|c*r Dk 

Iteirtii- r^pJni'iMi froiii M h.^ fittt ttis it'l'K>ih aviy. 'Hie potanh bi the.D removwl frolii I he lioiler 
witli a ehi-*er |ii tirtler to iiinke it ^hite fl i* hetiti-d dtrchiij^y m the funutee At’. 


An extremely irtiportd.iU advantt in tht? metallurgy of iron wjt^i iiiiide in 
England in 1784, when the puddling prot'tww wan discovered by Henry Vart 
(l74tKl8t>0), Thh jjroceKif contributed considerably to the pro-emineiuie tif 
England in tiie iron indnatry for the next hundred years. Dial cnukl be used 

'' B^&aEniir wiui the foiuKler of I he funiDliiN w'ort: ill inahy Voliimea, Dfjtcripiifm f/r# rinT^ 
mtiMffXn the tfvhnotogiiral WQrlc whieh haa over exiaU€d. Kven up to tlie pretuuil tiine tin 

work hAtt H|ipertttd whU-h fV'eii ap|imxi|iuite|y rerpsaixuiLb to HmLiiiii.ir'a. in spite of tlie ur^*nC 
iii^kI for miE'h il hook. 
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ill the inickliing furiiaee^t, ftiiice the iron dijfet not vomo iiita direct coiitrtct ivith 
the fuel, 

Ahaut I74(^ the Englistiiudn Benjaiiiiii dbfcfjverefj tlie cnieible 

pnii.'esii for making steel. 


( tlasis >[am‘facture 






advaiieeii roiiHidendjIy 
Kuiickel o^^ ed a great de4i| to 
of he translated, with 

afhiition^ in KiTU), the new 
eni^ftirioiil discoveries which 
lie made himself arc worthy 
of mention. He knew how 
to decolorise glass with 
[jyrohi^iite and arsenic^ and 
made numy typa^ of cn Ion red 
gliLKs, IICl iloiiring III sit te n? 
were copjjer uxidc^p verdigrb. 
jjyroUiaite. ferric oxide, 
magnetic iron oxide, aul- 
j>iiide8 of [potassium^ ^udinnu 
iron, iintiinony and arseiiic : 
earboiL cobalt oxide. He 
also knew ho^- to make 
white cloudy gia.^ with zinc 
oxide or hone ash. 

He h bc^t known for 
Ids Til by glass ^ i,c. glass 
colonrcfl retl hy means of 
gokL He was in faet an 
adcfit at this tech ii1 (pic, but 
he I lid not dbeover it. as 
gold ruby glass was known 
even to the iincienta. In tlie 
HccniKl half of the seven¬ 
teenth eicntiiry both Libau 
and idauljcr knini" hmv to 
ci>lloii]al gold ill a 
form use fill in practice, 
foiinded on purj>le of 
t 'aseius.^^ This work was of 
great jiSi?iH!tance to KunckcL 
FlirtJier, as Knnckel hiniEa^lf 


by Johann Kunckel f liS30-l7(i:j). Although 
P. Antonio Xeri (whose work un the maruifactiin? 


PLATK m 

ApfMtrttiuM u/ M. i'ht3r»^. 

Kojin I'littMw *■ l^pijmi-opSa rtayali^ <:iili>nifjthL« ft 
vari-i. liWL 

A D Alu^lfi un rLinmcv. E Enrt tKniwan^ po\t¥ for 
Hqlpliuiii' arid. K Ula^u^ heUd^ ^Anir piirpcK^r 

4j C'rqc^iblftH fqp dulphiirii' ai>id oornhitriOon. H 
|p|jitf7i. i fpif Hulpluiricr nfiil 

k. UUvi^ lKdl->r. L t^tiirhffiil. M. Ciivu]iilinj|; 

OlivM nlL'inljic in oaiP 0 PelirflJi. 


aflmits. Xeri also give^ a recipe for ruby glass wdiieh leads to the flci^ircN:! result. 
The statement tliat Kimckc] ui^cd horosilic^ite glass for Imitating precious stones 
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is bihd\y in need of confirmatiun bv analysis of ^5^mle of tlie many ex am pi of 

his work stdl extant.^ 

The greatcs^t advance in European aramic iiidasfyy waii the rediscovery of 
geniiino Chinese porcelain, made in 17011 by the pharmacisCi^ assistant, Joharm 
Frietlrich Bottger, 



PLATE Ui -2 


Uftvtiit MmciTffFxtm AftmhmH Vitirm. /fttfoml haif ttf l^i* 

Oil or^plHt liunp nrilh TchiI InrlluW^i: anr> limilifht-tiiHtd, 

In reeeDt tiiucjs attempts have been ina<le in some Cjuartei^ to attribute 
the chief share in this discovery to Eluenfriefi W^alter von Tsehinihaiis (1051- 
1708) who lias come to be regarded oh the adentilie SM|>firjnlen^lent of the 
alchemist Bottgcr. There is no siiH^cient documentaj^" nr traflitifmnl evidence 
for this ai4aei'ti[jn [ mi>reover^ Tachtrtiliaiis was no longer alive in the year 

1 Kiirn?ki*l luul nn liif^licr DduDaliunn but it in tKajiy iJtpt Isp WiIh r fikiifu] pmctk-Al vnrkor. 

Hr tin phcKaiplicuTiii nbartly oft^r PranU, nncJ lavpaivd bothcdbyi nitnu-^iillld: cthvi aitrito 

ia 
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1709 wlieii disc^oTery wilh mftfle. The hintorian therefore cannot deprive 
Bottger of this discoven^ even though he may have lieen an outeidei: and not 
entirely iinobjeetionable as a person. 

The immediate pi^eecsaor of ivhite por^L^elain wa^a the db*eovery of the 
ml CUinenie stoneware 
1 which wap known aa 

Ifettger stoneware, ncA^er ' 

aa Tseh i rnhaus stoneware). 

Wliitc porc'elain was not 
discovered until after 
Tschimhans' death, and 
reached its full height at 
the MeLssen porcelain 
works j 1715. 

Tlie eighteenili cen¬ 
tury aho m\v the first 
proflnotion of white w^are, 
ivliieli was unsintered 
opaque pcjttery, either 
w'hite or culoiirerJ. Its 
production de^ienrls on the 
admixture of Hint with 
ejay, discovered by 
Agtbury in ITjIO. 

Mention may also be 
made of Reaumur's frit 
[xiri'clain [about 1 TOM) and 
the English hone china 

{(.■hafferSt 

Nicolas J n cq ues ('onte 
(Paris, 17 JM) discovered 
the use of grapJjite mixeil 
with clay for making lead 
and knew Jiow to 
produce (Uflferont degrees 
i>f hardness liy Jieat. 

Great importance 
attaches to the discoverj' 
of artificially ptepare^i 
remeTit by Snieaton in 
EnglamJ in 17oH: cf. also Parker [I79+j). 

The Cemmn siajar iiidusfry derives from H. Marggraf s discovery' of cane- 
sugar in beetrsMit {1747). A pupil of Slarggraf. Ftanz Karl Achard (1753-182 1], 
develojsed the discovery anti ovolvefl a methofl of exlniction essentially the 
t^ine as that used to'dav- In the year 171^9 he w'us able to present a sample 



f. ^urj‘A AAf/?/ 

ftMf lAsr 

W!wfr ^fr/m 


PLATE m 
/■/rjiTC Karl Afhitfit 

A pupil uf A. J 3 . ho rEjutiKtorl 

indiLHtry, lIie' an:t e^ij^ur fiuzEury ?4tiirt4.«l in JS4>I. 

Hiif^ iHiMPkiFM fsrhit bofi^ Truit during; Ulo NnpulH>nio 
hlcKrhitil^' Whi'n ttk*' blaolco/Jo wAhi ii^od, maiit af thi^ 

filotoriinf clot^{ down, lurid did iiiH in HoMrinl) 

imtil ahoul I aft^r Arhnnr^f 
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TLATK HH 

Aleniftt rommrntor^tlin^ Amtmi^ 

fitnirh l^iy tbf^ f^ve^iUih rlerii^or Atl4lukrioii. 

1. Fnitit. ± BupIs. 




PI*ATK }m 

Th^ Utb^i^TvsiOrif &J iAe ro^l i^aic pharNuicy at 
Title ^’igneltB from ** LehrlHn-li tUtt Apcit}k«kerkTjni4t,** hy Karl t.Sottrrii?d Ha^n^ 
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t>|: beet sugar to King Kricdrieli WUlielm HI of F^russia, (Cliieory root ^vas 
first kiswl in 1771 as a coffee substitiiti^.) 

Inipmvenicnts in the imHliietiou of liqmr^ vrete made by Ant nine 



PLATE JiM 

IIWj*// milt (Sohnrljt't. I7G^). 

Tl«i |:Mt>t!un^ thi^ of WOuil tbii-loria^p whieh pn'VkmHily u-hwJ an a 

bLiio Tor tvxtilmi. I’lsn tliAhtirnrfun? af wftaji wiih at nhiir tifiii' -tiif roiuiklpml'jk' iiiipsirtiifi.rr 
in (k-i-rnany. but aft+ r Un' ilLirovory' of iJm^ mUTn' to KimI Initio by tba 
|t wtui jjTjnliUkky ilif^pbircctl tivan^ anil innr^ by I Eniittornni liiurtorio, wh|i?h inorr 

infbtrtj aini U thrivrorr un^rHf^rrd, Iti mutiy obi! ijhamuitic^ it isatlll p(WBvibJo io fiud “ fl£>rbu 
iKulkliim tkift/’ in ihp lunn of tialts, 4'oii^J!<tin|T of iho I'ruitbu'd wnad j>larkts formiHl 
into buJbi lh. 1 .' sisci- of Hi?inll a|:tpk>n. Thi* pietnm stwiws tin- mill ^rurruuiidMl bv +lt>'in>C 

pliw^-n for thf^ }m\\ W4^d. In the hft m a mnmining ihi* fini»4liMl prixiurl. 

T}io Ifipgo iiuil-7(toiic!H with which r.ljo wtw, crOe1ii>d t an irtill bo fomul in Thuriit^na hm'^I 

tfl-bU*^ ini miuktiy tilfH. Tlv.'^ ]a^l woojri mill in Thiirin^'a wom in, Prc'rdinjsKk>‘bcik, 
iiml infifiHCHl working in; IfHlT. 


Baiini^ by tfK^hnieal uork on EHstilliitjon ajijmmtiif^ and the intnidiictlfin of 
hyclmnieterti for measuring ak^ihoUc tHmtenl 

The manuracture i>f spirits from potatoes ir mentiouefl by BeeJirr {1685)* 
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but does nut api)ear to have been practised until later^ Tlie first potato 
distillery in Ocmiany started production ftt MoiLsheitu (1150), In 170!^ Giovanni 
Maria Farina at Cologne started the sale of eati de Cologne, winch he bad 
invented. 

Rubber manufa^turf. also began (very modestly) in the elgliteentli oentuiy. 
Rubber was first brought to Europe by Chn M* de la Condainine IITS^UnJ. It 
was of course discovered by the Indians (first mentioned hy Oviedo y Valdest, 
1535), Rubber tubes were first made by Gn>ssart in 1763 (at the suggestion 
of Herisaant and Macquer) and in 1770 by Priestley, wbo also fi.rst used rubber 
e^rasers. 


CHEMISTRY IX" THE BEIHXXIXC OF THE XIXETEEXTH CB>!TURV 


\Vk have already seen that the Jm jwitant foundationfi of the gmnt atructure 
modem ehemistrj' were kid by the great chemkts of the eighteenth t‘entun^ 
However, many i>t these foundation stotiea needed reiiiforeing. 

Although the law of coiu/tfifit proportional had been demoiiatratefl clearlv 
by WenseJ in ijraoti«j imd by Proust in theory, some extensions were found 
nece^Mary. Binle knew that two given aubstiint«s eouJd soinetiniea c^>mbine 
together m more tJian one way. e,g. euprmis and cupne chlorides, mercurous 
anti mercunc chlorides. fniikBliank showed later (1801) that Rnth rerlwn 
monoxide ami carbon diu.itide consisted only of carbon and tjxvgen, thus 
constituting ft ffarticubrly Lritercstuig example yf this phenumenon' 

It was Dalton, himself a bad analyst, wlin gave a theoretical descriptiuii 
of the fftcta by ndditig the fate of proportiorm tn the law of constant 

proportions. This laiv of multijjle proportions states that if tuxi elements 
combine together in more than one profKirtion. then the nuantities of the one 
element ciombined with a given quantity of the other clement in the different 
comjiounds bear a simple relation to one another. 

It uoulcl be very satisfying if Daltonk atomic lhf.ori/ had been based on 
this discovery, since the law of riiultiple pnifiortions can only he satisfactorily 
cxplamef] by means of the atomic theory. Unfortunately, however, this wiw 
not the rase, since Dalton’s revival of the atomic tlieory was chiefly a specula¬ 
tive piece of ileduction on his part-. 

-lolm Dalton (17(ifi-l844} advaiu^l the atomic theory in the year 1802 
He em]>hftsised clearly the theoretical tondition tJiat the liltimate particles of 
homogeneous siiLstanccs (elements) should be identical in their weight fyrm 
and all other properties, and be regaitiefl it as the mast important aim of 
chemistry to determine the relative weights of these iiarlidefi. Dalton denoted 
the elements by means of symbob, whicli aero not. houever, adojjted by 
contemporary chemists. It was left to Berzelius to (xmiplete what Dalton Jmd 
ainieii at, i.e. the cleternilnation of atomic weights and a univeisal svsteni of 

Dalton was fundamentally correct in iiis assumptions. His symbols 
reprtwented atoms, characterised as r<^ards both quality and rpiantity (vreight). 
.■\ccotding to him compounds also lonekt of ultimate partk-ies (iiioleculea)^ 
forniet] hy the ijhidii tif atdJiijK, * 


A vvell-fjreaented thmrtf worker! uut hy Avogadro in 

i 81 l and Arinjiire in JSl-t, Aimidco Avogadro di Qiiaregiui 

^*r'/**^*?*^' tJieory tiiiJ not pf with i>ullcin. but wim npfiiifjml by vnrioua 

yrnc-lt r;fl|K!Vjany whn Ui-iuVnl tbt ujilmup>il liiv'Dabllity of tiuitte^r 

riLr ^ Ji^al mmt bn VC? rDJlitnw> to HTOiiniiiPti tiitiw tin* 

^Viflitiihty of rimtfor van tsnJy apply withiD etUhlh limitii Aiid liinliKr c^rtam f^ndJtiriUK Ik ror* 
^ multiplf? proportiDuH tiaTO was na ™l for tlu' clicmkHi to 

nilopt Iht? niomic> 
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ms ^A Key w ill U-- foimtl on tSw opjiQftit# 
^tfmboh for nnrf ^oiNpotin^^. 


■ComLpflUTid6. Othjer compcjyrkii^. 


oclvaiifetl his fainom iA^^\ tu-t^urcUng tcj whirh wiirler the same coiitlitionis cijiial 
volumes of gasos contain equal iiumbei^ of moJeLiilee. A tse^^cseary preluile 
to this law was Uay-LuKsac's law, wliich stated that gases react in deliuite 
prijportions not only by weight hut iiko by volume (1805), 

Avogadro's !aw made it jiossiblc to eJet^mine the mi/^eenlar of 

substances frcmi their densities in the gas alate.^ 

* dtifiHitJUTi of rrkolii*«'HlaT mnitUt S* XhAt dutf to l^unpnli^ whu^h th*t tls** 

iimlrCtitM wciKln af lUi fihment or<wna|n>iinH:l in iImiI Wi^tghl af it wJiicU m !ih? p«t*ta CMVutjk-^ 

lYw* vDhimi? 4 li^ t^'o utuiim of lk%i.ln>;[^n iin Ji?r tXw Niriie t^hilukiha. 







CHEMISTRY IX BEGINNING OF XINETEENTH CEXTC'RY ISB 


KKX TO PLj.\TE 


I . Osyjcen. 
H^dricigViii. 
Kltr^guii. 

4. CatIkiii. 

Sulpliur. 

R+ Pho^phrJriiM, 
7+ GejM. 

PlaLinlxni. 

\h Sih prni 
llL MnEiPLir^'. 


11. 4'upjn*ir. 

1:2. IfTJtl. 
n. XirferL 
J4. Till. 
lA- 

til Zu^-. 

IT, Bl^iiuih. 
IM. Antiiiioriy» 
JU+ AjMcnfc- 
21L I Vilwlt. 

2L 

'22. Umniuin. 
liSi TllllJZHtiMI. 


24. TitoDtimi. 
^5. C;i3riiiiii, 
Paf^cMiiim. 
2T, ^ditim. 
Cubium. 

2^. >lix{pii?;iiuin. 

UoTLuni. 

3K ^^traatiuilU 

33. ^ilitoii. 

34. Yttriiim. 

35. BfiEyiUiun.. 
^irroniuiiu 


37, Wftt*r, 

33. Hyi:lr^flliii.iric «u'id. 
31>. Hyd nst'libni' acid. 
4lt, t^ikirl^ Bmd4 
4L Xitn<^ QKido. 

43, XllitKW 

43. XilnV 04.^1^. 

44. NitPo^n pom-xide. 

45. Xitmiu 4rkl, 

4li. ('arl:iciix iiKiiicixiEli". 
47. Ckrbcin diulddt?. 
4H. :^ulphiir diaxidb. 


CompoumhM 

4tir 4i^id. 

i^ulpliurie arid. 

5L. PliD.Hpb5n7Liti nind. 

5f. PIiDJfipliorjc! 

*3. AmoY&nid, 

54. KibyMH!. 

55. ^li^Ehuuip. 

M. 1 CompciiindH of if ulpliu r 
.'17. f *nd KydrojPsn+ 

53.1 Coinpoiifiiln uf ?Hilpbiir 

53. f Euiil phiMplinriu?. 


Im PulAH?iiuni bylirux ide. 
3. PatfUMiuni hydHdo. 

3, PfitaMsitifU I'arboikBto. 
4* Si>|iijfri bydwstdtJ. 

5. byflifidr. 

5. Sodium carl^Euite. 

7. C^alniuji'k hydmxtdf?. 

5, C'AbilUn fftriMJtUllr. 
i*. Calrilun #uipbilU>. 

In, Calriiun iiJiTmtc. 

1 L Calriiun idi lorklo. 

13. Bariujn hydn^Ki^- 
I3, Hurium c^arbotirttr'. 

I ^ E^Huin iculphjito. 

13. OarJiim nitrate. 


Oi}\er pound#, 

15. Karicini l'bk>^EtlL^ 

17. Aluminiimi Mulpl'ifito. 

AlmnifiJiuii iiitnft€*. 

13, Alunnnlirurt i-hloHcie, 

311. Alutii. 

[ PouiipitiiTi] 

33. J rfiliicritp. 

33. Fota^iuin L'abiuin siibVati!^. 

34. PiitoAiiiiiii luritiin Hillento, 

35. 81 lie-tin flyrnidi*, 

35. AmiiKoiiiuiii puUhHiinpin i-cimpciMruJ. 
37. Etbylrnp chkiridp. 


Th^ d^imnirmUon of atmnic wa3 effected by determmiug tbelr 

i4malle»t eumbmin^ weights, Thi^ was due {lartiy to Wenzel, aiidr above all. 
to llerzeiioH^ By 1BIH BeraliUft bad mea^^iired and piiblbhed over two thousand 
inulecular and atomic weigh ta. The true state of affairs waa however fiwit 
underetcKKi couijdetely by Catinizzaro. 

* Thin nvaiy be 4 wii troiu iIh^ fcflkiwiiig by L^mnizziirti: It iftfound fmm AnAlynMii 

tji cvmpoimdii ronliiiniai^ In’dru^n iIiaI they nesTT rtantflin a. Kmoller nraoimt of hydiugt-n illaii 
fcmlf A mnk'iMjle. Thin i*. tlWripfarf^^ am far m wo knoiv^ tlK> aiiiallMit quwtxty of hydro^ which 
ean exmi. i.e. tlio ntnrti of hydrygi^n, Tlw hydrogyn moIccMle thiiA cMaiwiatn of two atoiuM. and tho 
mokH-ulnr wid|tht of bytlrop^h W shiihU to tww^ il» atomk- Wri^thU'* Til* polyntomk- itEtniw of 
tJio tnoliBoulf^t of ninfiy f-liniurntB wow ool known ta WoRidiiiH ami hia rfmlemjiomrw. 
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TterzeliuJS refcrnxl atomic iveiglits to oxygen = lOU iiLstead of to liydrogen 
— 1. In urfJcr to give some irlpa of l!ie reliability of hi^ deteniiinationf!. ivc 
may ^iiote the fuUu^^ tiig figures (etuivertefl to the l^aais of hydrc^n — 1]: 
ciirbi>n ^ oxygen -- ii\ Hulplmr-- 32-2. Other valueti were, however* 

twice tof> great, e.g. lead — 41B, mercury ^ iron — ItBi J, copper 121b 
and aoitie even four tw great, e.g. -s^^diuin. 113-5^ pottissiiinn 1^7'B, j?ilveTT 

43;i'T- These two- and four-fold errors arose from the fact that Ber/elius 
assumed that only one atcmi of an eleineiit eouki hie present in a compound. 
In lB2ft he gave a new jind more wrirect table, in which only pcstiissiuni. stKliuin 
and silver were given twice the (Correct values - otlier values Avere: chlorine ^ 
35’47. phosphorus = 3h4. arsenic^ 75-3. copper = thl-r, etc. 

Another prc>blein was the eluchlation of the of ciietmcol chiin//*^, a 

question which is still incojiipletely cleared up. Nentoii, Bergnutnn and 
Biiffon attribiite^l chemical prcK'esses to gravitation, thnngh Wensicl did nut 
share this view. It avos displaced by the electrochemical tiieorA\ sponstircil by 
Davy and Ber/,eliiis. On tlie hasb of his electrical exi>erinieiits Davy coii- 
cludcfl that the (LMiinbination of chemical substances was equiA^alent to the 
neutralisation of elwtrical differences. The greater the electrical differcin.^, 
tJie greater the corresponding diemical sfiinity. By supplying electricity to 
the compounds (electrolysisl they ure split up into t!i>inporieiits JLaving the 
same pularity as Ijcfi^re ^‘tnnbination tfKik place. The ptjsitive compoiicnt-s 
(metals] migrate to the negative pcsle, jiiid the nr?gatiA-e (non^metallicl com¬ 
ponents tti the piisitive pule, 

Ik^r/.eliiis assumed in lHi2 that the atoms tliemselvcs were? electrical, 
possessing an excess uf eitlier jKtsitivc or uegative electricity, Accorrling to 
the nature^ of this excfcss substances ivere dassified as positive i^r negative. 
This excess elcctricily Avas the cause of diemical affinity. Accsmling to 
Bet^ellus Tlie chemical comhiriation of elements ur cuni^HHinds (e.g. adds aiifl 
hftsc^s) cun^i^ts in the uttractioii of the iq>fKi'Site jhiIoh of the atoms, and the 
cuns^equent electrical neutralisation. 

Accor ding to this vicAv all chemical compounds must consist of two |>iirts 
differing in their eleclnca] <4iaractcr : hence t!ie so-called 
I'he stica that oi'ganLC compotmdK (aa well as inorganic) Avere construclotl in 
this way was Jidvanc^d sjiccinlly by Liebig. Thus organic radicals stii-h as 
etlivL (^1:1 5 (or as Liebig then wrote it ml were suppi>f+e<l tu l>e i^anhinod 
with acids to form esters in the same aiuj that oxides t'oinbine with acids^ to 
form salts. 

TJiese views did not prove tenable. In contraal tcj licrKcliii.s' electn>- 
chemical nidical tlictjty Dumas pFopuse<l in 1H3U his theory of tyjjcti, which 
has been tennefl the ^Hb^lituiioTi rAear/y. In ]ilare of the dmJbtiVtheory ho 
propcseil a aiidari/ /Aeory, accurriiiig to which a r>:aii|M!iiiul dcjes not ^-rjri&ist of 
two purts^, hut Is a single Avlinle. Thus for example when the tJiree dcctixi- 
positive hy[lrogen lAtcmis in acetic nv\c\ are replaced by three electronegative 
dhlorine atoms (giving trichloracetic at id), the character of tjje ai^tic acid 
remains essentially the Siiine. Dnnia.s ctmduded that iti organic chemistry 
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there must exist certain types, which retain their character even when atoms 
ftre exchanged for ntonitf of other elements. 

(^erhardt t^mbined DumaH^ thcor>' of tyjjes with tiie theory in 

hiM the^ory of residues. Residues are groupg of atonic whieli are bound together 
by veiy^ strong affiiutic^ and are therefore not split up in the of 

dUferent aubatances. They then ci]pmhine together, since they cannot exist 
alone. CSerhardt MojOed the aubstitiition theory of DiimaK, but inlrcKlucetl 
the aBsuniption that groupa of atoms {i.e. reEiidties) can also act as substituents, 
lentil quite recently little advanc^e ha^ been matle on this y\e\%\ 

Xew methods of atomic weight determination were providetl by Du long 
and Petit's Jaw and ilitseherJich^s niJe of iHOniorpliisin. F. Oulong {1785- 
183^) aiuJ T, j\. Petit (1 ilH—IBStJ') found from their experiments that the 
specific Jieals of a series of solid elements (nioatly rnetab) were roughly inversely 
prcsjK>rtionaJ to tlieir atomic weiglita. For most inetab they established the 
rule that the product, of the atomic weight anci the sjiecific heat has the constant 
value 8-4. 

E. itaehcrlicli (17!^4—rcalis€f<l in 131H tiie relations lietweeli crv^^.tal 
fonn and ohemical cionstitutioti* He explained the Dccurreru?e of isomorphoua 
cnatab by a^Lsniuing tl^at they correspond to rtiialogoiLs r hem krai composition, 
e.g. the phoBphatea and anwiiates : the oxides of zinc and niagne^inm : the 
oxidea of iron, chromium and aliiminiuni : the salts ofselenlc and siilphune 
acids. Berlins was the hrst to derive atomic weights from cojisideratiiuia of 
iKomorphiMm. 

FiJKMICAL SVMIIOLS 

IkrrTciiiis constructf*d Jus system of Kymlwls in the yeirr 1814, Like 
Hassenfratz he used let tern from the Latin names of the eleineiihs^ either the 
hrst letter, or (in the ease i>f metals) the first two, or, if this wi>iild cain^ 
ccinfiision^ the first letter together with the iiist C'finsunant which d^>es not 
occur in the name of otlser eletiientH with the s?anie hntial letter. To begin 
w ith lie w rote plu^^ signs t>etw'een the symboJs fur the elements, in keeping w jth 
the dualbtic thetiry. In 18 however, he used a niethod of writing practically 
idonticiil with that in use to-rhiy. J>ouble atom^H were, howevcT-. flonuted by a 
hyphen near the bottom of the aynibol. He always wixite salti wdth a plus 
sign between the metallic oxide and the acid oxide. Oxygen turns einild aJsK^ 
be slunvji by a raisfKl dot, and sulphur atumK by a rinscii comma. The electro- 
ixjsitivc part of the mnleciilc was written as tu-iiay, 

Bc*r4eliiis hat! the gtaa] idea of denoting radlcHlM by flymbids. Not nil 
cuntemponiry chemista adopted Berzelius^ symbciJs at once: thus they arc 
not used iiy Faratiaj% or in fTineliii’s 1821 Liebig used tlieui 

but did not wTite tJje figures above the symbols on the right* like 
iJcrzeliiis, hilt below them on the rigiit, a.s we do to-day. l^^bercincr wrote 
them directly abi^ve the symbols. Liebig diau^jiFded tlic di>t« and commas, 
but nnftjrtunately discardeii, also ihe symbols for nidicalM^ irtHtead of extending 
them. 


PrCTORlAL HLSTDRY OF CHEMISTRY 





.-j ppajYif/nsiH T'ArnanJV lufI ^117. 

Belnw ^ I'lki^nianrit ^pparutiiH for ut^montar^ 

combustion by meivns at pot-iuriiiim cblonitr^. 

AbtiiV« Dt^nwliu^^ npp4iirti.tU4 for ita? sainf purpww. 'fhi? 

putAHh visssi^'l Jlewits ort tHunnufy uiuii>r tbp bpJUjRfr 
1. Fldiff^noP 

Apparnlti^ for ajuL)>'^iFi|; orgujik' : Itol^Pliiuf. 

x4.p(p(irntiw for fsotf pvi^tulion. 

4. Apportktu^ fiir anojviiiDGr or^imie isubdUne^ : Th^'fionl. 

PrtTUt :jupplieci oxygen in his analysejj, at the 
lS:i8 Saussiire analysed dextrose. 


\Vulflen has cjuite 
rightly nmiiitnined that 
Ber/.elius' symbols are 
quite inadequate to-day. 
not being adapted tn 
mcHlern knovi leflge. Tliey 
gave no in formation about 
state of aggregation or 
crystal I isirtion, db-sneia- 
tion. valency eicetrons. 
or the eneifgj' changes 
associated with ehcmieal 
prof*sse*. Wrtiflen ha^^ 
jn&tly jiointed out that 
the ssilwitaiice correspond¬ 
ing (fur example) to NaCl 
does not exist at alt. 

Orcaxic CeiemistrV 

The <t>nipletc inunda¬ 
tion of organic^ cheniiHtry 
hek>iig.s to tfii^ |ionod. 
One of the most import^int 
requirements was the 
development of a saitis- 
ftttrtory iziethoti foramilys- 
ing organic compounds. 

Lavoisier had devised 
a motluxL I Hit the results 
wore imsatisfactnrVp TJic 
further development was 
carried out by flay-Lussac 
and Thenard (1^:110) (euiu- 
hustion with jKituasium 

chlorateh Berzelius (IBU) 
(weighing the water anil 
carbon dioxide formed^ 
Cay-Lujwac (use of 

copper oxirie in wnibus- 
tiemi). In 1821 Avogadro 
made correct analyaea of 
aicuhoL ether^ ethyl chb^ 
ride.ethyl iodide and urea, 
suggest ion of HauEsu re. In 
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BEfUXXINU OF XINKTEEXTH (‘EXTL'RY 


im 


fn 183(J Dll 111 AS iirtnxJ lifted satisfoctory nietJiod af dcteriidniiig iiitTugeHj 
and improved it in I83li Liebig practmefi organie with great siiece^ 

from 1831 omvarrb. and designed an efficient iKjta^li IjuJh. Siiiee that time 
nothljig has been fundamentally altered. Tlie uj*e of lead chromute was 
intrcxlueed by BerzeJjns in iaS8. 


ThK FlRiTT SYNTHEaKS UF OROAS'ie {’OMPOrNIlS FEOaf TKEIH ELEMEN"nS 

As ali'eady mentioned, the Qrst synthesis of an organic substance from 
inorganic materialH was Seheelc's pre|)+n:atinn of pnissic acid (1783). We may 
also mention the preparation of prussic at^id ft^mi ammonia and carbon 
(Clouet^ 1802) ajid of thioeyanic aftid fre^m 
lK>tftasium cyanide and sulphur (Mink, 
iHiH). Importance attaches to the pro- 
pa ratir>n of xanthogenie acid frrnn carhoii 
disulphide anr! aU^oholic jxitash (Zeilie, 

1821) e«|ieciall)^ after Faraday and Heniiel 
ha<l sho\vn how alcohol can he synlhesised 
from ethylene through ethyl sidphurlc 
acid. 

l>thor syntheses from the elements 

were 

182*1:, WfiJiJer. Oxalic acid from 

nr|uei>UH ammonia and cyanogen 
(giving amnioninni oxalate). 

1825, L. Omelin. Froconie acid from 
carbon inoiioxlde and jjotas- 
siiini^ 

1827, Serulla, Cyanamide fn>m 

cyanugen and amtiKinia. 

1828* Desfostses. Pidassium cyanide 
from nitrogen, incandest'ent 
potash and carbon, 

J828, Wohler. Urea frtnu sal- 

ammoniac solution ami silver tyaiiate. or from ammonia ami 
lead eyanate. 

1831, Pelouae. Formic acid from prussic acid. 

The much rcjxjatcd statement that W'bhler’s synthesis of iirea disposed 
of tJic vitalislic conception of life is, of course. i[iiite absurd. [I'he 
should ajiply to o\a]i<^ acid, which is abo a prtifUict of metabidismd The dead 
substance urea ha.s nothing at all to do with the vitalbtic principle, i^ hirli only 
appears in living things. 

fsOMERISM 

Anotlicr principle wliich w as neceiMary to the pmgicsa of chemiatiy whs 
The theory of ukimerism. As a s^jeculatiun it waa by no means new, having 
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Jli/, ^ itpptimtiiH fof or^tfih 

I_ Tisl^w cfiofAiniii^ t'rtlohim rh]oriile lube, 3 . Apjmnityji far i 3 r>iii|i Ibi* hub- 

to uTkik 1 >'. 44 vU b Tilbi^ fot -BvJwMu'r pJw twE ajit*!* k frw? TruajL wPktor. 

J^_ .^1 it+subprliebV appmuilu^ fjiir Hr>‘iEij? ihe ft^tnnii'c to bp anAlynod in n flurrent of mr. 
^ 1 , AppamtiiH j'or dr^'iiij? hyj 47 x>!impic (c'oiuhi.NliTijz of a E-JiijtiHile i^iiit'-ituii 

mho ajiiJ mt piiTup). 7 and VVnij^hmg tkihc>9i, U. VVufoh Mini lirtirfS^ 

fur wei)Xliiu.j? out ^uheHtoof^^, Ml ami I t. ArTnrtp^^tiieni for iin.'ln|i ihp mixtimi of eiuhhtaiit'o 
uTnl ^'^>p|kt>^r I'Jp ^'bluHili'^ tul’M.^ 13 . CnJouin I'hlurJiJr tidn^ attBiduhl tu thu 

combiuntion tllho. N 17 . Cork iK^roPf uflrr Mohr. Iof mrk l£i. 

vcsi^ln. 1 {I. i'oiubu^t ioij witli I'uU'ium oliloridi* tubu, uflvT FijUimK nplTJumtilrf 

for ofHorhsnir (>arhoo flkkxiHc'. '^l-JiT, in making tlu^ hti]b. ApiMki atuH 

for nilukif the pcjffMch btHI>»-, 3i\K Fft^fHdinfktitui of ttaWwr eoniiiHj|iii|i liibenL 31 ^ Combueition 
fiirtkiti'^'. ^ 3 . nSkri ; 4 «.iiak»ki of tho roEnbuNtiuii fu^ulf'£^ 35 , CV>fu 1 ^iiMtioik furruir^" 

ivitli Aticljon EuIpp for c 3 r>'iii^. 54 . Comliuiftion fiimoco lillod, 53 , otjUipnirut for il 

i^nibiL-rt ion with c-cfEuioc'tiii|: luben;. oulciimk efttuHiltt oiitl ikOtaMll biiEhk. 5 S, 

Hrr«in. 41 _ Fowojm for cutting off the rofl of the ounikbUKtion HiIjp nflor the coinpletiDii of ii 
eoTiibuMtkui, 4 :!, Atta£'hrikL>-ot of a glil^ to tiu? <P|Pf?Jio(l I'oiiibuhtiou tufkc. 43 . Coppi'r 
iKXttlo mfitajuor frotn whirh thi- tube- k liJlorl ivlunh ibe Hul^^ilujic'r? k v€!ry liygrokw-opif ; i-f+ 44 . 
■ii^. Wirf' for mixing the >ki,ifHHtAUei' with tlie i^>l 3 por OKiilo whK’'n tho f£krmt''f u v«ry byfEnwjotipie. 
4 * 5 . Colnbu>?l LHiiitk npjhiitrfktU’*^ «fter II EnUnauiik cuid Mon^hiUkcL o^iu^ a eutn^tit of Dxv}^'n. 
47 Proiknmlion of gEn^ huHv for kir^ in the coiikbii:<itian of briuinj hufiMturjCtiiK. oL Tmiui-^ 
feni.'’Dc?u of bu 3 b!i inlu thf' roiiibuhtLou lubo. iV^. Tube eluLr^fiOE) with biilbrif niid i.^p||H''i' oxide. 
lltJ. UtFltfiTTiioiil ion of nilropiui IcfODkbkL^tion fLirruioe. luereury troiijEh itiiii eknlio 4 ui''ti‘'r|l. 
Ifb Alerrury t^'lukdE^r for zncMuiiriiik|£ tiu‘ vohliiko of the uitnj^it''n.^ 03 . Ptp(?tEe for tfitnKlu.cizktt 
oAUHtip potArth into ihfi nitropui tulw? jfor nfa^urhii]^ Hrutbori dioxide)^ 03 00 . Appurattoi for 
detf^nninmp nitmi^ii nfter Biiit-y-ik. ( 04 , KilliUjF tin? rtiTnhxkfltknl tiit»e with hydrot^n, 
0 . 1 - 041 , FJOi^k eomhitution tube.) 07 . Apfudniiurt for mt iinutinp nithCfjjjorkL OH-. Cork ritliif for 
tbk nppahiifu^. OSI, Completi? ecjuiphtent for f^tiuititkujz uitm^n (mure arrumte limn Otl). 
71 . Filling th^ tube whf^ri «'Mtikimtiij:^ TrrwdI ctuoutitleii of ustro^fien. 73 , FilUnit tlu- tube Jei 
tile djreet ai^tiitkatinn of Uktro^^n. 74 . BelnoviutE air from llie uppu-MtiiH, ( 73 . Partrt of the 
ftp|«irBtuH 4 7 ,'*. flQUi-^-lknn of llw nklropen over Irwrciuy- nnrl C'MUhtie pota-ih tDuikiiwb 
70 , .AlterriAtive method of fining? tube [.Meiaenj^). 77 . Apparutux for diiwt PHtimatioti tkf 
Eutmpv.U wtlhiitH U(»iti^ All «ir pump. TH. .Ap|mnrluA far ih-terfncuinjt lulroKeai after b arren- 
imp aUil ^Vill (eomhUi^kin with fwda.|ukie muiI ubsorption of the ammamu formed in hvilro- 
rhlorin: acid}. 
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lie€?n put fot^ard by the (ireek phiJoHOphen^, [jatcr the possibility of Lsoiitei^iti 
wrts nientumetl by iloiicliini JiingiiLs (lotiT-RloTj, Boyle, atml Alexander 

von Humboldt (end of tlie eightepnth century). 

'I'lie first esi>eriTneiital siipporl for the Ldcii \vm odduted by Oay-Luflsiu' 
wlio showed on tJie basis of Liebig’s amiysoB timt silver ey'Anate and 
silver falininate are iiioniene, tray-Liissae wasi the first tu nuggest eorrecti}' 
that their dillerenees were clue to the fact that they eocitain the mme atrsms 
difierentiy arranged, 


ElKCTROCH Kill RTH V 

WHS by no nieaii^ s^itisfaetoriJ^^ foil i idee I in the elghteEiitb centiJiy\ This 
eon Id only be done after ^^olta’s diacoveiy^ of galvanic electricity. 



PL.\TK 

luhfirfilor^ tti \ SiiJn, 

Kwnwlrty'fl rbHTnaral lulHifutor^' nr tin? HoynJ hl'Htiujtioo m Lonclori v-m^ imX for 

but unly for resourvh. Farminv b t*ixm hinjiLliiiji th-hiiwi tla.- gitovi" nttt*4l with I'K.^lkiws*. 

thf^ right nro v'liria^A of ptK’lrif?nl nppnmTiM, I'rg, ntit? rnut'hirir, Li^yib-iL 

jar^, i'|;i;4'tn.h£yiio npfh^mOiH a vory [nrgo iimgiK^E. N^i finiii*' riipl^joi i'h vbihSn. 

^fhe series of hlstorKrany inifiortaiii ex[>eriiiientfl tK'gan with the drcaaj- 
pemtioH of uvirr by Ritter in 18U0 and by Xlcbolm^n and Carlisle in tbe same 
year* In I8ul C'niikshiuik followed with tlie eleelroiytie decomposition of 
ccjjjper and lead salts, and Sim on with the electrnlytlc production of chlorine. 
In Wn2 Knignatelli. (lahn and Kicirl decomposetl a nundier of mh^ i^f heavy 
inetals, and Davy eicctrolysetl acids. In I8n|j nlkalt salhs were electrolysed l>y 
Bersieliiifl. and Hlsinger^ who also cjbtained potassium chlorate from I lie oliloridc 
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by electmly&k. Ritter ubteinetl lend peroxide ebcitrolytieflUy In 18)Mi. Kloctro- 
lysis Imd been iippHi^i to organic substances (alc'ohol) by Davy in 

iSpeebi importance attaches to tbe mtroduction of the electrolyais t>f fused 
salt* by Davy, vi bo in 1807 prepared niolallie Bodiiim Hiifl ]M>tassjum from 
fused cftiitftic p*>da anti ^Mnistk potash, apparatus tTOnsbted of a platiniim. 
spoon itK cathode and a phitinum wire ancxle. 

In I8t*8 BeryjeLius obtamed amalgams of caieiuin and barium, and Davy 
amalgams of strontium and magnesium, Davy obtained the pure metals 
calcioni, ^trontinm* barium and magnesium frani these amiilgams. The 
famoua pre[)ifLratkin of ammonium amalgam was carried out by Beiv.elius anfl 
Hbihger in 18*18. We have already descriheij the electrochemical thecny 
wJilch vva^ prematurely a<lvaiK:ed on the basis of all these experiments. 
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Fnrti^in*^** i?fupnal rUctral^ti^ ii/iiM/ml 
JiUll in the Roynl [n^titlltiuiL LonUuri. 


More inifxntant was the emuiciatiutiof the fundamental laws cvf electrolysis 
by Fatmlay in 1833 : i.e. that the amounts of aubstanceH liberated by a given 
eurreiit are pnifKirlional to the equivalent weights of these substances, and 
that the amount of substance liberated per unit time fe proportiouRl to the 
strength of the current, 

Cmikshank had prop<ise<l in 1801 that electrolysis could Iw used for 
qualitative analysis. Magnus waH> Jioweverp the first to pro|iofiie fin ISoO) 
quantitative electrolytic analysis, which was fiiwt carried out by Xicklcs in 
18(12. 

Carbides were prepared electrically by E, Da%'y in I83(t ([KJtas±ffum 
carbide) and by Hare in I 84<» (calcium cariiide). CJ^one w as first obtained by 
Schonbciii, 

The first electric funiats (iKith arc and ri^ajtanc'e furnaces) were made 
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by I>e|)rtst 7 , m 184JU ef. aImj (laspard Kol>ertsoiu 1802. Ihivy had diisooveretJ 
tilt tJettric art flt the l>eginning of the century. 

Elect roly sifj of copper salt^ uiLs uwtd by M. Jacobi in 18^7 for model hug 
pla.stic objects. He discovered galvanoplastic.^. which is of cntiriiiotL^ import¬ 
ance fnr the repi'otliiction of iliu^lratious. Wright (1840) pmetiaecl gold and 
silver ] I luting, lading cyanide solution. Nickel plating with niekel 

ainiiuanijiii sulphate waa dbcovercil by R. Bi^ttger in 1842. Brass plathig 

carried out by Riiolr.. 1842, Vuenuni fiiHclmrge viere made by 

Meiniehe in ISlih and di^jchaige lubieH with [ilatinuin clectrf^des by t^eisaler in 
1850 . 

Other iinportunt jiliyaico-chcmical dbenVEries are the ffilhming. I'he 
[letermination of densities, fouiitled by Livvoisiery vrm worked on further 

by (lay-l-iUssae. and s|>ecLilty by Oiiiuajs. 

Iitiportatiee attaches to the discovery of Qplictil i.e. the jifmer of 

substances to naate the plane of polarised light. Biot and Seebeck observed 
thin phenomenon with cane sugar^ dextrusie, tartaric acid and tnr[W5ntine 
(1815-1819J. 

Of gieait iinjKirtaiue m the discovery of spectrtim ttimipsis by Kirchlioff 
and [Sniisi^n. Exception must lje taken tn the widespread idea that the 
colours iiiijiartcd to fiames by various eleiiieiits were nut known heh>rc the 
time of Kirehhoff. J'hls is, of course^ quite incorrect, since even the n^e of 
ttauie cahirations for recr^gnising isiibstaiicej? had l>eeii jiractised mncli earlier. 
Tlie greal i iintribLitiuii of Kirchhoff anti Bunsen was the use of the speLtroscope 
for qnalytifiil purposes. 

Hinscs were liqnetietl by van Mariini (17h2b Faraday (1823)^ Xuttcrer, 
Andrews {iW8) (critical ternpen\tlire). 

Contact Chemistry 

niufle great progress in this period. The word eatalysb is due to Bsrz'eiitis, 
18 ^ 5 . 

Pol lowing the experiments of Davy with Ills phitiiiuiii lighter (jdatinum 
wire over spirits of ivinc)+ Johann ^YtjlFgung IKdiereiuer disi:;ovei‘cd in 1H2I-23 
the ignition of ii mixture of h%xlrogen and oxygen hy means of finely divided 
platinum. usetl this dlKCovery to construct a lighter iiRienihling that of 
FiifHteiiliCTger. Init witfi the electric spark replaced by n platinuni catalyst. 

Earlier than this (I8ld) Wdicreiiier had found that alc^ilml uouhl bo 
oxifliiSe<l to acetic acid in presence of a plutiiiuni catalyst, und in 1832 he 
obtaincil aldehyde in the same way. In 1838 Kuhlmaun prepared nitric at id 
from aniinoiuu tiding a platinum catalyst, a proc^ess whirli became of the 
greatest imix^rtanee in the twentieth century. 

New t?irHSTAXCE3 

The following wcir rhments nr coiii|Mjunds of new element!? were 
iliscovcreti:— 


19K 


PICTOKIAL HISTORY OF CHKinSTRY 


TAntaluin^ Ch. Hiiteliett (); vuTiAiIiurii, A. ii. del liio (IdMl); lwIuui^ 
Beiy-fjliusi find Hisinger palludiiiin and rhixUam, \W H, Wollaston 
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DShtFCittff^ 

Hotn IT^lni Hcf n dioci I tl-ILI i^t in'rin. 

lJnhM*jieMJiiT m rt nt M LmL'hbt^rp, i-laeriii.itry Sf riLiil-hu Lll^^ out! Ju 

lAln G6Ulirt|£ in l\w rlioir of i'shwMiAtrj' iwid lihurmnrv ait nTrlin, [Stabirreine^T nwk 

Ltw> olwrvntrana On plutmEirn lu^ li an^l Oti ihv periodio H^-^tipni of %h^ eTotilc<rktH, 

Hi.' *lwi ^['OiaribEjtod to twhnk-Al 4UHtionM, rtfinl wwt, for oxatnikltn, a kfwn KtiHt of tiw 

f-rettmii of mvi-wnrkic. l><Nbt-rDiiu'r Mini limthcf myro hi clott* I'cintiiw^t t^ith kM^r^imllv niiEl 
htadi^miorUly^ 

(ia03-18(H}: oaiiiium and mtUiiiiK Kniithiwii T(?miarit {18<UJ ; metnllic 
jiotuiffiiuiii and sodium, H.I>Avy metalli« magiiesituii. mkium.Htrontiuin 

aticl bariiiiii, H. Davy ((Pure metallk magnesium vi as first i(re|Mt«d by 
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JJtirj' in iHSu,) iJortm, L, J, IJay-Lussac and L, J, Tliennrd (ISflS); 
Coiirt(}i 3 (1821); seieniuin, lierwUujs (1817] ; litliiiiiii carbonate. A, Arfi erlHim 
(1817)1 i f-aflniiuni. F, Mtromever and K. K. L. llennHini (1817); iiiliton, J, J. 
Berzeliua (1823); yttrinni metal. F, Wbhk-r (1823) : metallic Kircorilum. J. J. 
B«?rzc!itis (1R2+J ; biTUfume and liinmidcs. H. J. Eabrcl (IHJH): metallie 
aliiriimhmi^ R WbJiler (1827) (frum aluminiiini diluriil^ uml psjtaN^iiim : 
Ijossibly dis?eovi^rcd t-arUei' liy f^ratetl in 182l>); met all it beryl liiim. F. W'obler 
(1827): Uionuni^ J, d, Eerzebus (1828); oreii of lantlmmnii. rJidymiiim, 
terbium and erbium^ K. li. ^2); metaUie uranium. K, M. 

Pdigot (1841): tiiohiuim H. Rexse (1844): riithcniuni. K. E. (laiiM (1845) 

(cf* (1828)). 

The following are a few of t|je inonjamc {liserjvered during the 

|jei'ioc|; it imfK^i^ible to give an eshaui 4 (^ive list. 

Cblorine riioxiEic. Ciieiievix (1802) jiainj^iiini pemxide ami barium 
jicroxide, flay-Lu>wiiv and 'rhetiiin:| {i8bfl): phi^^plioniH trichioride, Oay- 
Ijiissae and Theiiard {180SJ) : plioapliorim [lentavlilonde and [>lKW^phonsH 
o.xyehloride. Davy (I8lu); phosgene. Davy (1811); |jlu>^phurou.s add, Davy 
(1812) : iurliv acid^ llay-Lusi^ur (1815) : iodine diloridea^ (.iav-Lutisae (1814) : 
bydirigeri jmlide. Pleinent and DesEirmei^ (1818); mereumus and niercnrie 
itKiides^ t'idin (1815) ” ehloric add, -(Jayd+uss^iv (1814); fwrehinrie a eld. Count 
Starlion (1815)- liypophosphimms add. Dulung (I8bi): Mr£Hit!ii]n and 
potiii^iuin peroxide, Cay-bujisae and Tlienard (1818) : Jiiotaphusplicjric acid. 
Ber/j?lius and Engelhart (1820): aluminium eliloridc. Orsted (182a) ; artifieiai 
iihramarine, Uiiimet, Kottigt Chr. (■. Cbuelm (1827)^; pyrophii^pliorie aeiib 
Cay-Lussae (18211) : pota^iuni j^erelibrate, S^erullas (1831). 

The elementary nature of i-lilorine [pieviously believecl tu be lui oxifle) was 
denionstmted l>y Davy^ The u ord allot ropy b>r describing different forms of 
the same element wai^ introiiut'ed hy Berzelitiii. 

The fo I leaving orgfinir may he meiitioneri :— 

TJie fiatune of fats was tirst recognised by Chevreiil in 1811 ancl the 
fidlowrng years, tie deseribes the follo\ving fatty acids : stearic, uleie (1823). 
vnleiie (1817), caprie, ciipmie. it was Chevreiil tvim Hrsl introdiU'ed tbe 
of melting and boilmg janrits fur ehameterasing organic compounds. 

Petixjleiim was rEcognisefI as a hyilrtn-nrhon by Sais^jisiire in 1817. and 
turfientine by Hontoiiiii 1818. 

Dextn^se was ohtaiiieil from stareli by U- S. i\ Kirehbuff in 1811. am! frum 
cellulose hy l^nieonnot in I8HL The eclhiloses were ciiaraeteristni by Payen 
in l 83 Jb 

The folUiwing fiirther oi^anic suli^tjiuccs are of interest : Etli\d iodide, 
flay-Liissac (1814) ■ e_yai>ogeii, (.biy-tait^siic (1815); fuinarie and nmleicr aeirls, 
Bmi^mnot (IH17) ; emtonic acid, Pelletier and CaveniOii (1818) ; glyeoeoll. 
Emcuiinot. (l8Hli); Lsovateric acid. Pentz (iBln); etbyleiie Iodide, Famday 


■ Thv nati3«< cDlamtion w'ua iiutiii^iEi by Clir. in Iw ls. Mt^Enllic* tilhiiilrk wom Jlfitl 

by Ibivw izH S m. 

^ Tilt? farniBtiLii^ of aEtmiTWrim? m hiid biH^n nutit'oU UI flwM^phli^nlh wnlury. 
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(1820); hex^ii'hlorcthano, Famday (1820); acetaldehydeH Eidberemer (1821); 
potai^lum femuyainlde, L, Gmdiii (1822); raoeniic acuL Ka&tner (1822); 
liutyleno^ Famiky (182a); ethyl hrL>nijde, SeniUas (1827); mercaptaa, iieise 
(18-^^}; acetylene, E. Davy (1831?); eaiuiihetic, DumiVK arid Oppemiami 
(1837); qiiinone, W<w^kresM.Mis5ky (1838); sidicylie acid^ Pivm (l838]f; uaphtha- 
lene, Garden and Kidd (1810); l>en 7 .ene (frrim heriKoic acid), Faraday (1825); 



PLATE nfl 

LnhftraWnj b /ihc phtirtHiKiitl ^FArUtf, /ifm! 
From B paiTitiiig hy nf&h, Ji^tgorahtiU XalioiKul 


lieiiyj^nc (frc>ni coal tar)^ J^igh (1842); paraffin wax, Rekhenbach (1830) [ef, 
Buelliier^ 1800); paraffiri u ax from eoal. Young; cro<isote, Reiolieiibaeh 
(1832); ntitliraeene, Dumas and Laiirtriil (L 832-35); iiJiilme. jdicnob quino¬ 
line, pyrrole, nxmlie acid, Ruiige (1834) (uImj aniline, UnverdorbeUp 182H); 
benzene, tiitrobenzene, benKenesiilplionk iicirb ebli>rrjl>enzene, lifomobeiizene. 
diplienj'bidphone, Mitodierlich (1832 unwani); plithalic acid, Laurent (1838) ; 
toluene, Pelletier nnfl V\'alter (18314) ; ijyiithetie aniline, Zinin (1842); riielhy- 
lone cldoricki, carbon tetrachloride, ethylidene chloride. Regnaiilt (183^t-40), 
Rungc (pliamiaci?t, 1704-1807) and Mitscberlieh are the true founders of 
the imhistry of eoaldar pro«luctii,^ 

Ml inny W noted tluil tbi^ Hug runmila foi- biHizc-ne wji* Kn-kul^ bv tlm 

Vipfuiiw pliy^iciift Jcwpli L£iai4]mkH (I !42I‘-1^!P5) in tim yimr IHtll. 
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'Hie developmejit of ejcf^oefu^jn chemifffr^ d\^^ not beg^iii until kter. It 
nut until ISM t lifiT iutJh>c«11uii^u wjia clfedoveried by E^t^hOnbein uiid H, Hdtt|^r 
jiuJepcuTleritly, sind Iti the »anie y<^r riitroglyeeriiie w^itt <lij?eDvered by Suhrero. 
C'olludiori was pnepjimd by Meynanl in ISM.^ 

Phfirffmceiiiktit ckemhfn^ cKjntinued to devch>p with gmut tUoiig the 

lilies (lefeyribed in the inst Heetion. fhie uf tlicgrcateat ziehi^veniont^ 
wfte the iJis<wery oi morph by the phamiacLftt f^ertiimer (Herdignier) in 1805^ 
and the diseovery of C|uiiiine by the phEinnaebts Peiletier and t.'^veiitcju. 



Pt^TK 17ft 

ft/ ihf pftnrmitri^ d'AUlfft. iftrmtd ntn-^ 

From ft by Jolk^nn jL-i^nibiib ^ZjitiuEinl itujHnimv AmssliTslaiu. 

Qliininf^ Hni|]hftro by Pi'||etl>t' unt\ Pas-tintnu In |H|7) wn.b pri>pa,rvd mmicH'iH/inJEy 

itL thk EaljoriiloJr>‘- iti 

HertOrner neallaed in pEirticnihir tlte eharaeter of marphine on oiganie base 
eajutble of fortiiltig (Other new discoveries ure deseribeil heluAv), 

Clienutnl industry was then uidy in ites inriLne>% iind it was thenefurej 
neee^isaiy' for the phanimrist tn purify the impure tcehiiirat proflucts. It was 
abo IjiiR task to extract the active principles frf>m drugs and prcjiare them in as 
|nire a state as jiu^ihle. Thus was a matter for each single pharmacy. How ¬ 
ever^ on accouiit of the flifliculty of niueh of the work it was often the custom 

' ly’^'najnil^ Whs not fiisrovc^nyci first by A.. XoboT, be I by ^-vliiroi^jcmii^d bv Ffi'jmiLrLn 
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for ft ftingle fniin:rem to ia some product and to ^^iqiply h to other?. 

In thbi way chemical factories grew out of phaniiaciie^ iind chemical industries 



PLATE ITT 

Htfinrich Emaituri Metthm 

t'oiirirtii^r of tho ohomiciil nnii E. Mi-rt'l!. DnttilHUidt. 


out of small scale works. We Hliall mention a few case^ from tiie half of 
the nineteenth ceniaxy ^:— 

The enoriuuiia firm of E. Mert^k csrigioated in the Engel pliarmucy of 

^ JLuji^ Bcais phiuTiiii 4 .'«utic<al I-muH o.g. ill Venk^ts itufro Waa 

iipfMimntly Ifui^ Ar'iip imuiiifarturv! of TrcKM'hiAcir Vipomnim noFl Thc-rijLk^ oWn in th^ foiirtoolith 
Fnim tlbe onwonla Vaiiaiiii znontuEterUf*! piodurtKl n'liN-h their 

mnt uli aver iJu* wofkL 

nofon? the tiflks <if Twnmiadorfif th«» pherinH^iMt Fikemil^^tier in MArkimlwitSt iRit it|> ua e 
of tnoi^iwiii? pnrpnrAt torn. In nJtlitinn to tryFtmti.T4 llielit in the text we 
may mptitkm Wk>fEleb At Lan^rtH^I^ tuiU Hitmim in Jk-<H[h ^be^ntiing of the nineteenth I!etitijry). 
Tlje qidnibe tnmiiifAc luretSp ^ilninrt A Co. in Fniultfiirt, Am hIm xbcitowerthy. 
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Hrhtrir/i /'Jmanae} Merrk (ITtMr-IS^rs) In DariiiKtiidt* It cliietlv in tKe 

prcKiuctJOti uf alknlojits. ]ii nKirphiiie. {jtiliiuic. aiitL stfvL^hninc 

prfidneeflt in sAiitoniiie^ EBnl-l- TOcIeine. l not to tut^utiuii 

injin>' others. Ir^ iiddiTiciH there were t!ie well-known pure eheminil pi>Kliiets^ 
iiioi^nnio hikI organic. 

Jofiami Ikmi^d Ru^dtd (ITdtS-ltUliJ. +SeliuLd2er phnrnuicyT E^erlin, wjih tlie 
fir^t to prepare 4iiinLne ui I rcnnanv (1837J, hi 1844 the faetory which deve- 
lofwfd frt>iu hiih pharmacy F^iij^plied dve huniired atul seventy different |>n»d!ict.s. 

AAidi-eadv inentionefl. the Kchwaiieii Ring [iharmacy oPJ. B. Tmmmsdorff 
ill Erhirt tlcvcloffeti into a manutkctucing eoneeni (pure products^ iilkalLiids). 
TJie ff>l having iiiiiy also be nieiiticmed : Ernst Friedrich Christian Se liering 
Kchrueissers pharmacy. Berlin. From the iirst he producetl 
photographie articles aft well as [iharmaceiitical prodnets, including potiissinm 
iodide. M'hich wms nec-essary in early ph{itngTa|>hic tech nitrile. :— 

Friedrich Witte (Himdi plmrmuey, Rnstock, ealTcine and 
enxyme pnepirations ■ Karl Eiigeilmrd, RL»?en pbiLriiiacy. Fiwikiurt (I82h)^ 
galenic pi-ei^imt ions ; |i. Branii, Rosen pliarnnicy. ^JeLHiingen (1 galeidc 
pre]>aratinnp : Dr* Presenilis. Htrsch pharmacy* Pmnkfnrt, H[)ei iaUties : 
Aflulf August Struve (1.8210}, Sclomoiiis pharlnue^ 3 ^ Dresden, artilk-ial niiiieml 
tinedures. medicinal ivines: W. i \ Heriins. Einhorii pliarmacy. Hanover, 
pljitinuni articles ; Ediianl Beyci\ Lrnven pharniiicy, (liemiiitK* coi^ying inks 
aiifl other prodnet-s involved in the writing and printing inrinstry. Thc-se 
aieonly sotiie exanipies of the oliler genemtJoii, aiul we itvminl liegiii to inentiun 
the mimerous jin[iortaTit ef.iiicernjB of more rec'ent timcB. 

'riic following arc some esampler of new siilistanoes iiitrodurt^d into 
pharinucy in t!ie ]iii|f of the mncteenlh ^-entiiry ;— 

Inorf/i^nir : sodium hicarhiaiatCr V'nicntiii Rose {18<dj : icidinc 

(and itti jAiidts). (Vmrtuis iodidei^ and iodatew. Didong (1818) ami 

Gay-Lussjic jE8l4); hypo phosphorous achh DuEiJiig litliium com- 

pounds, Arfyedsi-m fl8l7K hydrogen iteroxide, Thcnard (1^1^) ; bromine 
aiui its salts, Balard ^ antimony hydride* L. I'homson (1837}. 

Orfj(fifiic Inve^stigutloiw on the suhstant^es coiitaine^l in npiurii 

weit ciiiTied out by Ik^itisne (1803^ (Jnurtois fl8ll4) arni S^guin (1814). 
-^lorpJiine Avas tliscovered l}y Serliirncr (1805-18111), nicotine and atropine by 
Forret (180^) anti cinchonine by (:!omez (1811). Other ,suh,stanare sa(>imiii< 
Schnuler ( Ih 8(J7) ant! Bueholz (ISU); me™iic acid. Sertfinier (1810); quinine, 
einclionuiL^ brin tne. i^trvchnine. emetine* l^elletier. Cav^eatoii iincl Mngendie 
(1817); uamitine, JicnAiine (1803)* Rtddqiiet (1HI7) : hyoj+ty^arniiie, Bmnde.s 
(18IW): pifietine. f>rsted (18iSI); vemtrinc. ifeissner (L810); ilaphnitic, 
Vaiiqueliii (1817); iKHinitic jicidT Fescider (l82oj^ calleinOp Bunge (1820), 
fiohiquet iind l^dleticr (1821); sohiriiiie, r>esfossK5 (1821); iodoform* Seru)!a~s 
(1822) ; ennime. Diesecke (1827): salieiii. Budiner (1828): J;tantonirv Kahler 
and .Alms (1830); ei-gotin, Wiggers (1831) ^ vanillin, Bley [18:11): hrmiinfr>riii 
and liroinah jA>Aiig (1832): rtxleine. Rohiquet (1832): mcconiiiep Couerhe 
(1833): narcciiie, Pelletier (1832); aecmitiiie and colchicin* Pelletier and 
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Qivcjiton (1620), Oeigtir and (16113); tlicbaiper Pelletier (1833); cblDno- 

fomi, Soiibdrari (1831); thetihromiiie^ Wo^skre^eiiitky (1841); diloral, ehltiml 
hydrate, elilorororm, liebig (1831). The correct fomiulEc for ehlnnd, 
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i^Xipn JiW-tymi'jr TAcTitirj^ (1774 -1^57). 


cldutufoiTiL brtiniofomi anil itxloftjpm were given t>y DinnaitT In 1834. 
l>et.?oloris!;4itiun with animal cl!LEirctial m due to Fignier {!6lo), 

Phy^iotofjiral chemisfr^^ which had developed little during tlie eighteenth 
century, now l>egAn to finnrijdi. Tlie following products were obtained 

Froja : imilin. Heinr, Rijse (1804); B^puragin, Viiuijueliii and 
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Robiquct (I8b5): legumiii. Eiiihof (I8u.ij find Bnnsonnut (1827); jimjjjvitp, 
PniiiHt {IWlfi); Htiiyga!iliii.Robiqu(jt( l807 ); l>nizilmJ,®niatoxyUn, quert^trin! 
C'liDvreiil (18WJ ; piemtoxin. Boullay (1812) ; tiimarm. Vogel (1812) ■ cmulBiii' 
Vogc-I (1817); chlorophyll (furtlier investigated). Pelletier and Caventoti 
(1018): ))eetin, jiertic acid, liracoiiiiot (1S24); herlwriiic, Hiitrenischnudt 
(1824) : siimpin, Henry and Oarot (lS2o); Hlizarin and ]>iirpuriit. C^iliii mid 
Il(jhk|iiet (182<j); urtm. Robiqnet (IS2b) ; carotin. Waekeiiroder (1831); 
dextrin. Vniiqiieliii (1811). Biot and Pcihok {1833)J 

tiiiimah: allantoin, VaLcpieUn (l8tHI); choleic acid. Theiinnl 
(l«t«q; Burw-krtic acid. Berzelius (IbflS); cyatjjie, VVollastoii (1810); 
lecithin, \aut|uelm (1811); casein (charaeteriMed), Berzelina (1812); Hbriti, 
Berzelius (1812) ; xanthine, Manet (1817): leucdne. Ptonst (1018), Brscoimtit 
(18IH); miirexide, Brugnatelli (1018) : cholesterin, Chovreul (1813-181H); 
albumin (charactprised), Biandc (1820); chitiu. Oclier (1823); tauruie! 

tinielin ( 1024 ); hannatiii. TiwlcniEinn and Ornelin ( 182 ft); '* paiicpcatiri,*’ 
Ticflcmann and Hiiielin ( 1820 ); hippnric acid, Liebig ( 182 h) (ef. H. M, Bi)iidlc, 
1770 ); creatifie. I'lievrenl ( 1832 ) : (icpHlti, Schwann ( 103 B). 

Tlic clflpaification of liiiman Ibofi into proteUii*, fats aiirl carbnhydrate.-i 
Ik diic Pmiil (1827), and is still used tt)-dav. 


.•\l‘I'AK. 4 TlT 3 

The beat sources of information about the apparatus of ihis periutl are 
the te.xt-books ot Thcnard and Berzelius, d'lius amutig the apjiaraluH 
iiientioncEl by TItenard arc di^lccntors. apparutus for drying gases, gas-holders. 
autw;|avcs. hot-water fnimels. and stands anil ciatiqis of many kinils. 

IiUercet attaches In Tiicuanrs apparatus for obtaining pota-ssium (hy 
nun-electrjcal mearw). KLs fume cupl.K]anl (Plate 181) is the forenuiner of 
tha^e iLsed hy Liebig at (liesaen. (Jdebig had uorked in the iHboratories of 
i» ay*Lussae and TiicnarrI,) 

Of particular iriii«>rtam'e is (lay Ltisswc’s apparatus for vohimetric analysis, 
based on the test for silver in the wet m ay. (Since chemical reactions tske place 
acconling to fixed pro]»orti{ms, it is possible to measure the aniomit uf a 
snhstanee by determining how much of a reagent of known coiiecntratton is 
iiecossary to react coinpfetely with it,} tlay-Lossac niay be regarded as the 
foHinter t)/ rofwwif/r*c Hnalt/Jiis. It was introrhiced into Oermanv bv Friedrich 
Mohr, 

Berzoliiiii la kiio^ n hy hii^ spirit kinpp (kS{nrit l)Jow-pi|ies w^^^e 
known : Xenmann, Mit>icherlich.) Many other innovations nre due to 
licTzeliiiJrf: the intrc^duetio^i of Kjieoinl filter-j>rt|:>ei^ (in pkee of hlottuig paper)^ 
])|ntiiiuni etiieildiDij and other the wash-bottle^, test-tubeg and test-tiil'>e 

^ Thi* >ititn-h-ioiliiJ 4 rf wiL" bjr aiui t.»iiultirr m Tlw af'tinn of 

fifi wa# by Kin>biK>K in ISJ4. wlsilft iwibB by 

Pnyt'il ftnU PerTfli> 3 t in IwaS, 4 iuy-Lxiidiuu' kntrw m ISJ4 Diai Btan-li and gufii n\\ hiiS'y ihr 

ffimiulfi, nnrl in l!jj 5 thnt thi* fituinw'fitiukm of iip:ictrn40 li'ncU tn iMH uvcfb^-ul^a of 
uIe-<i|iK 9 iE njid two of rnrbon diDKiklD. I'lui rOf.i|-it'r fordojctmEw* «'Bn by in ISlIS, 

wail fStnt prn^|jareiJ on a iHHiuiu-ni-illl irctklv by fwlvort in 
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^LATE 1?!^ 

Th^nts^f, 

1, Thu ipji wiirt cUw'iijiHMJ by van SlnrtiHi- 

llau iiiowi- itfl|Jtortimt up|mnritUM In thu furnucu fcJT preparing* inutuUiu |lCfelal3.^^uIl^ whirli Thi-nnnl 
ublaiiinl rr^Ptli -eauiftit: «m 4 uaflHaii. 

2, ClTcy-hj^Jl^^ft IwUowH* irt±T. 

3, FiiriuM^ fcir pi^pariii^T potcwksiititip Tfiumw^L 

BtAiidw* 111 nvxny lauifes it is dtfficulL itx find thu discoverer of eiich singlo 

firticle.^ 

t On lllt^ otlier hiuul it may be holeil lliaL atltl the Al)ianc>r^ ASuirlbu^ *' Moor * 

JiiNoil nil'll Alurlf^l, 


jKWi' 
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Oavy's safety lamp must not be fcugotteu, 

iJuimiis knew vacuum cirying. E. Mitsclmrlicli's apjiJinitiiB for letting 
for i>])osjjIiuru« ia of interett, MacsIYs apparatus for detecting anteuic is 
importAiit. 

'J’hc lirst lalKjratory gas-burner ia due to Faraday, and it was improved by 
SuiiiienHC'hein, ttiii> ptvtbably also devised the first arrangement ibr lieating 
tuirts liy gas. TJie first really practical fiirm of burner was devised by Bunsen, 
who also designed multiple burners and blow-pipe burners. 

J. Uebigs luhomtory at Giessen (1830) may be regarded as the parent of 
all laboratories for chemical instruction, and the same applies to his equipment. 



^ ht>£Ml- C Fi4itUH^ir(»riprLFkrtai]tL irkorLof. h* IrtHi plnU^ X Evaporutiti^ riiniiii-^% 
Ksft tuho ftam X. O Kiriiij; few X* Q rimiucf. tinsiis fnr Q. S IkJSnVtn- 

1+ iiiiJ pip€', \\ ' KIucWj 0, K iJifiiip p4^j-K. \lr It* Kiririi;. fsir Mt-tpriEi^’ wxkhI 

iiiLni eiwiL ^ riiiiimFy Dpciiiii^ii with rricci\Tn 4 irjjiw pipt^ .1 furriiiaft^. J" KiHch|^ 

hir if* X IjL'Vpr fisr ujtrj ^kiiltirhur thi' nuTi af this fiinw P SpoLf fur itoblI. i^Ip. 

K SUiir tube Trofu Im»||ow^. II Tup for K, 


Hik working bpiidie,s with for rpngpiitj; and water laid tm sirnl hk fnmv 

cupboards luivn wervcfJ m jno^ieLs for nil ehcinieal labomtoricd ii|j to tht jirij^eiit 
day, Lieljig'e work riuiy atUl be in every ktudent's cliemiea! laburatury**^ 
The Liebig LtaideriHer waij first u^ied ^ a reflux ccnideiiker by Friedrich 
Mohr in ISvifl (or posvHibly by t^iricl arid Bcrtlieniot, The cork-borer 

niid the pinch-eoek burette are nbo due to Mohr. 

I’he ext met ion appatiitn:^ kiioivn iis the percolator waa dbeovered by 
the Freneh pharnmebt BouMay. 

* ft] r^tiMly tktu.lt witk th*^ Liubi^ conJi^nBiw fcounlifr^riirri^nt itftrjiJ<wi»i-r>. 

riif? 1iirj?ft ^^-allnl Lf^i big tniurulFEkSfif in tJw MuafniJii wom not mmtr fuf J but for 

BiwrlTT, tJkftLI^h of tiu'- itiuaJIrr mom <iaznft fioiTk ^Itmich liAbOriltui^'. 
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TJie cditaitioH of ijoinuj r/ietniits in the first thini uf tlie ninctoentli centiirv 
showed a grt^at hnpro%'cnioiit on the eighteentli tsjiitury. It is quite wrong to 



PLATK jJii 

hifrrinT rifw’ af /atti 

Pmni ii ^Lmwiug TraiitiM’bolfJ+ I k4:^. 

Tlh' piirturi' tbi* int^rriar ii>r the iiuilli rvOm of AemJ hImj 

hiii pupils wrtrkinj? ihtTo. From riaht iw Irfi they iirr? i J, IV. Idb-hi^'ii vPMidtniit 

UlkLil tuter profcrtiior in PniTlih, Jm'iI Irtii'r dinM-tor of Frii^' 

klltniPiHlrirLe rdi'lc^f^' at 31.. fli front iif the fkltiw nlpl'jNjfljTi.b llirniiia' buck^ 

Jvfutnn Jt^f .VrA^rw, lap-r pnjffs^Mir df mtHiiirijie at 4. Hipht in tbvt' bnekinvundH 

A. C. Liehij^^Kjl^iretfint, pnifa^iziurnf rljnmfci^tTy mTubinj*™, lS^Wk+ latter tiin!vprstt.y 

pitdcrtefor sn VVurzhntg, rbwl JMil. 5. Fmnc (Vrritnfi'fjp* Iranin;^ on hc'ikeiu laEt-r IftHkt 
warfJon in Ufiimehu'ei^. fl. i^tandin^ in front of fiirnaiLV with both Imnei* in hlsf 
H ^Itr froiik ■^'^arao. 7. Aubfl, futtiii^ in rnml <*f u mOrlnr^ IJabin'M labomK^ry wtv'iuttp Idt^ir 
!^ayur of VVin^t^kp near UiFamk. ■Pt’niEfii^l rutintr with a rylifuh^ in ht-* lianfh Hcinrirh 
WilL LioHa'w na«iHiaEit and at Girm-ru died ISBfl. ~ 9. Tnlititiig tn Will IVilhtlm 

latJ-r n pnitliiiin^ phyT^icion in Fliilndulphia. HJ, In iht^ It'-fi roTt^nitiri+ u ith a btiu^k 
tH^arih u Mexiraik- IJ, tn Ihr rupboarri b<r-twi>v^ni the Intn’lnri' nxjm and llikf^ 

iltimmtOryp A nfcpf ^oiifi> from hV'lHJ'nn'h, later an nn'hit«>ct+ 

Thiif laboratory beeaiim ihv itb£M:|i?| fnrall inrititulm for rhemieid t<^'hin|z : w orkiiki? ^ankelkeu 
with ahnh'cii for reagr-iifjc and fSJkTiiiji i^tanEla.^ umJi^rneatil the iH^nrlicw oupbonrdri with 
drawera and £jhelva»i<., nftiio%'ahlo Ltonch topa. whaler “iikpply mifii HinkH oei tbx,* beJH'hfw, 

In the c^jkti^ areckrdhutry tabU^p and in t>wf bMekjsruuikil a tnetnJ fume eiipbooni with rEkovahlo 
tshmA front, mnh'r wdikdi in a fumare hiMkttal by coah In front of the iartc^i hcutitip wtovo k 
a pnoLJznrttkr tron^h. 

^Vinoni* tJae rr|uiphtpnt we nmy note benkera^ flot+kjj^ bell-jars, evaporating l>af«Enri^ mortarSj 
ritklhi, apparattH fur oVolviii|{ osyjpcn aikd ntluif |nw«^r?p the larpe phrarfibonui tuLhonieter 
ij-toikik^ 

nssimie that aiitisfaetor^' (cat liiiig was only obtainable at Liebig'a lalwratory 
in tlicssen. It Ls tme that most {Jermaii uiiUerHitiea hatl at the imiHt injulcqunt'e 
ikuititicfi for ehenneal teavliliig. but there were some e.v(«]Ieiit teaching niKtl- 
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Liiebi^ rec^imooniiAil the? IW of Wr^pH » CQUnt&r-^euJ^fvfiit oandgnjwi-p. 


Ha^ivinji flunk, 

Hw'^ivof, 

TubuMc^i retort. 

Ap^miui, iqp ihu t4\iokltioD luial a^j«H>rp- 
tiuik of 

AlMurptiou tute+ 

3. i3j*t ilUtlmi uppatutii# with Dmuiter- L'lltronl 
roMfipraep^ 

Coolftip w&tt^r. 

ComJciwcr^ 

Ejiit for coobo^ Water. 

FCrreiver^ 

r.ii.r, 


K«'lon. 

■1- Ap|l«i.riktEi-4 for tJie ribfw^tkin flf ifKMM. 
Uoiitffo’rt bottlo, ^ 

AbdorpticMi tuh&. 

FuniiMH* for heUtin^ tbfi* 4h*iorbiii^ liquid m 
the tubr. 

fakLujn eiyorido tube, 
for f!\'o|%in^ 

IlHatJIlntian npp«r*tlia wltl-i |wo cotiBN!^' 
rumsiit eorideiutois. 

Rwoivftr^ 

Coadonj^. 

BmJii:ig fliuck. 
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tut^, Tiif £''arlif?^:t of these whjs the inatUote of the phanuaciat, Juliaon 
Bartholonifnia TromniaEiorJ! at Erfurt, fomirietl 1795. 

Ant>thcr valtiahie Ltmtltute was founded at txOttingen liy the physirian 
Strnnieyer (1776-1835), who wna Buaaeii’g t-eaelier. BujLseu hiiiificif started a 
teaching lal>onitory at Marbui^ in 1839. Thanks tu the provision of (lOethe^ 
I>tiherciiier had ifxmi fur twenty |iraetjcal ^ia>rkers at Jena. Other chemistry 
teachers vvortjiy of mention are (.>, L. Erdmann, who taught in Lieipzig from 

1827 oinvaitls, Joh. 
Ncp. Fuchs and Job. 
And. BueJinerat ljand“ 
hut. and J. J. Scherer 

ni-vhiirn- fiv^rman 

c] 

ch 

tiic grcatcsr weights of 
s^dentijic leu ruing often 
sttidJeii ubroud. This 
Is easily understood 
when wo remoiiiber the 
great contributions to 
t he progress <sf elieniis’ 
try made iiy seieiitists 
like Cray-Lussac arui 
liei7*elin«. Liebig and 
Schell l>c in st Hilled witl] 
(J ay - L u H H II c a iid 
Thenard in Paris, ami 
Mitsehcrlieh inui Wohler 
with Berzelius in Stoek' 
holm. 
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Tjie ilLse<>very tif 
heils of iujdium nitrate 
in Chile in 

event of world-wide iniiiortance. On acctjiinf of the c^t hei suOsraTM'es wnicn n 
contains, Chile saltpetre remains even to-day the best artifieial niamire. 

Tlie vinegar maiiufuctilrer. Peregrine PhiUiiis juninr, Brbilol. discovered in 
1831 the contiict prijoess for nmiiufiicturing suJpiitirie acid (conversion of 
sul]ihur dioxide to the trioxide by means of a platinum catalyst}. 

Improvements in dl^tilluitj uppiimtMS were made by J. fL Dingier (1815), 
and BeimlortT whose apparatus for Imiling, evaporating, distlllmg and 

<lrjiag wa^ rccmiimendetl l>y Liebig. 














TJie clUtillatiuii of RjjiritA vrm iininKivpil (ty Pi^torius (1817J. whose 
Hp|mriitu£ molijf|<Kl (jpeheating, rectifier, ilephiegfiiiitora and condenser^!. It 
»aw i»iijH'rs(Hler] by the column still witJi iiuiiierous rectification cliamhens. 
w’hieli viita firnt. {iitroduce<l by ('ellier'Pliimentbiil (181"} and improved bv 
< 'offoy (1832) and Savalle (I85t»>, These apparatuses form the haiis of moderii 
inetluxle of dietilJing,’^ 

An event of great cnltiiral importance was the hitfodurtion of imtche^. 
The first of tlieso were Charu-ol's dipping matdies (18f>3). consiKting of ptitas- 
siuiii chlorate am) an organic siibstaiiee (later sugar) which were ilipped in 
siilphiirie acicL Tlie “ Prompt Ilean^ " of Trevany and .Jone« {)82u) had heads 
of potassiuTii cldurute anil antimony Hulphide. whieh were struck on glass- 
paper. Ihey are the direct foreruiinens of inuilern safety matches. Next, 
liowcver, came matciicw ivith heart? of yellow jiiicisphorus and an oxidising 
agent, at tirst potrvsHiuni chlorate. The riiscior'erei" of these cftiiTiot lie apsciHcd. 
anil it 13 Jiiudly possible to sjieak of nn acliia] liiscoveTy, After the diactiverv 
(or ratiier tfie first accurate description) of red phosphorus hy Schrtttter in 
1847. Bijttger In J848 reintroduced phtisphonisdm* matdies : e.g. he wswl the 
'■ Promethcaiis " witii jl striking surfat'c of ret) |diQfrpJumis. These matches 
were first made on a coninicreial scale by Reniard Pilrtli in Scimttenhofen, 

A very discovery was the rw/mmsa/mri of riMer, started by 

Hayward and completed by fh, tioodyejir (1840) ami T. Hancock {1843). 
tbonite was discovered by liouilycar in 1852. ArtiJieiJi.l riibtier fixtm isoprene 
wa-s first made liy Hoiiehardat in 187,7 and J07EJ. (Jutta-pereha was introduced 
into h,urD|]e by Jos^ d Almeida in 1843, and mafic more widely known liy 
^lontgomeriein 1848. 

Sintered Porihnd reimot was discovered in 1824 b_v the Fxnglishman .folin 
Asjalin. .\rtiiicial jiiLvtures of liinestone and clay were first used as a starting 
matcrinl for making t^ment by Johnstm in 1844. 

Ttic industrial maun fact lire of aHificia! lapis laauli began 

stmn after Its liiscovery by I^everkus in Weriiidokuehcn in 1834 and by Leykanf 
in NurnLefg in 1838. 

(Ine of t lie greatest successes of chemistry, and one of universal importance, 
was the dLscovqry of photography. Jftseph Xict^iihore Niepce {f7lir>-J8,’t3) 
Mi'iu? the liist to obtain images in a camera ; lliese were on bitumen and coulfi 
be fixed with oil and converted to lieltogravurcs, Lmiis »}acities Daguerre 
(178tt-18,71) was the first to employ a proeetlure hased on the light sensitivity 
of the silver sivlt-s {comjdeted 1838 ). .Dagueirc exposed an iodised silver plate 
in the camera, tlist^overed the metbtHi of Hevelojiuig with mercurv vapour, 
ami lixeil with a hot solution of sodium chloride, »Soon afterwards ,fohii 
Hers<‘]ioI (1831)) discovered sodinin thiomlphatc, the best fixing agent, and in 
1840 Fi^eiui diacoverefl the gold toning of jiJcturcH, 

Almost siuiultancously ivjth Daguerre, Fox Talbot (I8l)b-1877) atul 
^teinlicil in .Vluntch {liacovcred the use of silver chloride and bromide for 

* cm a (l78tt), iiif'liutaumbfuHi iJ-m? mpiil 

mi-lhnd it| 
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[}hut{>griipliy and printing. At first they uj4«l ^cMlium ctiloride for fixing, 
Hwm afterwarfLi eaiiie the um nf silver lodkie aiiEi tixing with gallic acid, 
sndiiiin broniidc anti sndiuiii thiosulphate successively. In this way the 
fniiiulations of photcjgraphy and photugraphlc.^ printing were kid. 


CoKCLrniSti Hem arks 

I'he mml iin]iortnnt basis nf ni<Mlem chenibtiy lies m the attetnpt to 
fitsil Felatinns between different elements, leading t<i the /jertndi'r 

The English phwicinn maintaineil in 1815-lfiJft that the atomic 

w’cights of all t he elements should be integral multiples of the atoniio weight 
of hydrogen : tliiis if the latter w ere taken as unity all iitomie weights should 
l>e whole tiumbers. Any heavy atom ccnikl then he eonsidercrl as composed 
of a cleHnite miniber of h_ydrogen atoms, in Prout's time there was little 
exact know'letlge of atoinie weights^ hut the Jjitere«t w^hich his hypothesis 
xiToused was the occasion of a number of atomic weight determinations which 
litially shqw^ed bis hypothesis to be f«Ue. There were fiian\' deviations, and 
attempts to use one half or one quarter of the hydrogen atxmi as a fundnniental 
unit ivere also uii.succefwfulA 

In DGlwrelner poiiiteil out that when three elements are very' similar 
tlie atomic weight of one is cc|ual to the arithmetic lueati of the atomie weights 
of the other two, Dobereiiicr temied three such element a triad (e.g. bromine 
l>etween chlorine and iodine, sodium between lithium and potassium, selenium 
helween sulphur and tellurium)** 

Dumas (IStil) atteinpted to extenri this idea. He believed that the 
elements were actually formed from one another, like the organic compounds 
in an liDmologmis sericKr 

Beguyer de (.liaiictjurtois in I8b2 arnuigeil the elements in a helix on 
the surface of a cylinder, drawn iso that it cuts the hurJsontuI at an angle 
of forty-five The iminerical values of the atonuc weights wer^ 

w ritten oil this bdixt w hen relatetl elements were found on the same vertical 
line. 

In l8fS4 New Is fills dkcoverctl the law^ of octaves. He arranged the olc- 
lueiits in order of increasing atomic weight and numbered tliem. He then 
found that (with a few exceptions) two elements iliffcring in luiuiber by eight 
had similar prD|jerties. Xewlatuis predicted correctly that the classiticatioii 
of e|clnent^^ according to their atomic weight represented a lasting gain for 
chemical science* After Xcwlands* preliminary work it was no longer bo 
difficult for Lothar .Meyer arul ileiuielcjeff to eoustrnct the perioflie tahle, 
hiuic the cliicf law' governing the aec|nenec of the elements }ia<i been diacovetesd. 

* Tlhi lirflt tin: l^rttaltrily i?f lliy Utm ftill bv Joh. Jitmh. Ht^minnn 

ir i* |irj roTiipacv^ tht^ tlw c^Tonir'iilfl lo in 

^ J. H. OliukloEhfc^ wiiA ilkr (0 AnunK^ tin? in onb^r tf irii-nNu||i^ 

\\\ <>UiEiji in ISST rh^Jii in i,hcrtit Ji| rckmo*. kc Eliut relflUKi e^kiiiJ^nt« wore upiWfiiloehc 

Hnotbfrin a JKiri^O£i^l n] diirv^iitkii,, 


CHBMLSTRY in BEtilXNIXO OP NiNETEKNTH CEXTLTRY 2i3 

Still iat^r work showed that Prout s theory oorreet if applied to sinele 

^ twentieth eentuxy, and will Lt 
be treated in tins book, which only ainw to lead up to the thresliold of modern 
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Titlf lYpnfUc. 

Fhhii C. W, ClfwiutHirlifr Abhjxtiiiluii^/’ UptialH, 1777, 
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